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Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes codmg 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tisisues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gerie expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if fiirther 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and fiirther that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
pimishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gode and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 



V // / ■ Date: 





Chris|ppher Grimaldi 
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J, Christopher Grimaldi 

1434-36*** Ave. 

San Frandsco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of CaUfomia, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with die Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple pr-^ets aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff . 

Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonqdeotides, and 
characterizing and expressing clones m E. coli. Also constructed a general ptirpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. 'The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chur Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman^ 'BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, HoUmgshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Smgh JS, Frantz GD, , Devaux B. Crowley 
C\Y, SchwalLKiJ»JEberh3rd DA. .Rastelli L, PoIakis.P, and Rennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, iFuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6), 
1887-1900, 2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF, "IndependenUy ligating CD38 and Fc 
gammaRIIB relays a donndnant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



1999 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-Steffner H, RandaU TD, Lund FE, 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucieotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol. 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, j: Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells." European Journal of Innmunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnifc, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J. Christopher Grimaldi, Sriram Balasijbramanian, J. Fernando Bazan,,Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosylation." Journal of' 
Immunology, Vol. 155(2), 81 1-817, 1995 

11. Leopoldo Santos- Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Inununology Today, Vol: 
16(10), 469-473, 1995 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. NQbuyukijaacada, Leopoldo.5.antos-Argumedo, Ray Chiang, J. Christopher Grimaldi, Frances 
Lund, Camilynn L Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol 
151,3111-3118, 1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Hemdier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV- Associated Lymphoma: 
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma " 
AIDS, Vol. 5, 669-674, 1991 / f • 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interieukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(l 1;14) (ql3;q32) Translocation of B-Lymphocytic 
MaUgnancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert OTRourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V^egion of the Ig H Chain Gene of a Human.,Chronic B 
Lymphocytic Leukemia." Hie Journal of Inununology, Vol. 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram Balasubramanian, J. Christopher Grimaldi. J. Fernando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1. "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207,155 Bl). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
. the Same," (this, patent .csayers several hundred genes) , 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTTVITIES 

Editor Frontiers in Bioscience 



Member 



DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 

Environmental Law Foundation (ELF) 1990-1991 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive I4uman Transitional 
Cell Carcinomas* 

Tprben F. 0mtoftt:§, Thomas ThykjaeiH, Frederic M. Waldman||, Hans Wolf**, 
and Julio E. Celistt 



Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation in 
general The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of tec^ical limitations. Here we have at<^ 
tempted to address this ^question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oGgonudeotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 



phenomenon at both the transcription and translation levels. 
High throughput an^ay studies of the breast cancer cell line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in^ highly amplified 
areas (2), and studies of Indhfldual genes In solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-ert>-B2, cycfln cfl, 
emsl, and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 



two-dlmenslonal gel electrophoresls/the results showed z^^^^^^*^°" ® ^^^^ c-myc copy number In 



that there is a gene dosage effect tfjat in some cases' 
superimposes on other regulatory mechanisms. This ef- 
fect depended (p < on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases)p ciiromosomdl areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered trans^ipt level^ Be- 
cause most proteins resolved by two^lmenslonal gels 
are unknown It was only possible to compare mRNA and 
protein alterations bLrelatlvely few cases of well focused 
abundant proteins!, ^ith few exceptions we found a good 
correlation (p < 0.(X)$) between transcr^it alterations and 
protein leveie. The implications, as well as limitations, 
of the approach are discussed. Molecular & CeUular 
Proteomics 1.^^45, 2002. 



, Aneuploidy Is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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crease was observed without concomitant c-myc protein 
overexpresslon (6). 

In human bladder tumors, karyotyping, fluorescent In s/fo 
hybridizatfon, and comparative genomic hybridizatton (CGH)"* 
have revealed chromosomal abenratk>ns that seem to be 
characteristic of certain stages of disease progression, tn the 
case of non-Invasive pTa transitional cell carcinomas (TCX^s), 
this includes loss of chromosome 9 or parts of It. as well as 
loss of Y In males. In minimally Invasive pTI TCCs. the fol- 
lowing alterations have tjeen reported: 2q~, lip-, 1q+, 
11q13+, 17q+. anfj 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas Involved often 
contain many genes, making meaningful predictions of the 
furictional consequences of k)sses and gains very difficult 

In ti^ Invest^atlon we have combined gehome-wlde tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (mlcroanrays and pro- 
teomics) to determine the effect of gene copy numt>er on 
transcript and protein levels In pairs of non-Invasive and In- 
vasive human bladder TCCs. 

EXPERil^ENTAL PROCEDURES 

Maferfa/— Bladder tumor biopsies, were sampled after Informed 
consent was obtairted and after removal of tissue for routine pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pta (superficial papillary), 

' The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; tOH, loss of heterozygosity; 
PA-FABP. psoriasis-associated fatty acld-blnding protein; 2D. 
two-dimenslonaL 
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FiQ, 1 . DNA copy number and mRNA expression level. Shown from feft to r^t are chromosome [Chn), GGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. expiesslon of mRNA In invasive tumor 733 as 
compared with the non-Invasive counterpart tumor 335. B, expression of mRNA in Invasive tumor 827 compared with the non-trivaslve 
T^^^ ^^^^ ^ average fluorescent signal ratio between tumor DNA and normal DNA fs shown along the length of the chromosome 
VBft) The bofd curve In the raUo profile represents a mean of four chromosomes and Is surrounded by thin cwves Indicating one standard 
devotion. The central iwfrcaf fine pxjken) Indicates a ratio value of 1 (no change), and the verffca/ lines next to It (dbfled) Indicate a ratio of 
0^ {fefti and 2.0 In chromosomes where the non-Invasive tumor 335 used for comparison showed alterations In DNA contwit, the ratio 
profile of that chromosome Is shown to the nglM of the Evasive tumor profile. The cato/e</ bars represents one gene each. Identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDLIWsdala.htmO. The bars Indicate the purported location of 
ttwgene, and the cotors indicate the expression level of the gene in the invasive tumor compared with the non-invasive counterpart: >2-fold 
frjcrease (Wac^, >2^fold decrease (bA/e). no s^nlficant change {orange). The bar to the far right, entltied Expressfon shovw the resulting change 
fri expression along the chromosome; the coibrs Indicate that at least half of the genes were up-regulated (Wac^c). at least half of the genes 
dowfwegul^^ (bA/e). or more than hatf of the genes are unchanged {orange). If a gene was iabsent in one of the samples and present in 
OKrther. it was regartSed as more than a 2-fold change. A 2-fbld level was chosen as this con-esponded to one standard deviation In a do(id>le 
determbiatlon of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and n, respectively, tumors 733 and 827 were staged as pTI 
Gnvash^e frito sutwnucosa), 733 was staged as solid, and 827 was 
stag^ as papillary, both grade III. 

m/lAM /^in^fatfori-Tlssue biopsies, obtained fresh fro 
ware embedded irnmediately In a sodiiim-guanldtnlum lhfocyar>ate 
solution and stored at -80 *a Total RNA was isolated using the 
RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
poly(A)* RNA was Isolated by an oBgo(cfI) selection st^ (aigotex 
mRNA kit; Qiagen). 

cFtNA PreparBt!on--A of mRNA was used as starting material. 
The first and second strand cDNA synthesis was perfonmed using the 
Superscript^^ choice system (Invltrogen) according to the manufac- 
turer's Instructions but using an ongo(dT) primer containing a T7 mA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® in vitro transcription Wl (Ambion). Biotin-labeled OTP and 



UTP (Enzo) was used, together with unlabeled NTPs In the reaction. 
Following the in vftro transcription reacUon, the unincorporated mi- 
deotides were removed udng RNeasy columns (Qiagen). 

Array iiybridization and Scannings-Amy hybridization and scarv- 
nlng was modified from a previous method (13). 10 ^g of cRNA was 
fragmented at 94 'C for 35 min In buffer containing 40 mM Tris 
acetate. pH 8.1, 100 mw KOAc, 30 mM MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSP^T hybridization buffer (1 m NaQ. 
10 mM Tris, pH 7.6, 0.005% Triton), was heated to 96 *C for 5 min, 
subsequently cooled to 40 'C, and loaded onto the Affymetrix probe 
anay cartridge. The probe anay was then Incubated for 16 h at 40 X 
at constant rotation (60 rpm). The.probe amay was exposed to 10 
washes In 6x SSPE-T at 25 *C followed by 4 washes In OSx SSPE-T 
at 50 ^C. The blotlnylated cRNA was stained, with a streptavldin- 
phycoerythrin cori|ugate. 10*/xg/ml (Molecular Probes) in 6x SSPE-T 
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for 30 inin al 25 followed by 10 washes in 6x SSPE-T at 25 'C. The 
probe arrays were scanned at 560 nm using a confocat laser scanning 
microsoope (made f<>r Affymebfx by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Aftymetrix gene 
expression analysis software. 

MicrosateJTitB Anaiysts— Microsatetlite Analysis was performed as 
descnt)ed previously (14). Mlcrosatellites were selected by use of 
wwwJK3bLnlm.nth.g6v/9enemap98, and prlm^* sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and tDlood and ampfified t>y PGR In a volume of 20 ^ for 35 
cycles, Ihe amf^Icons were denatured and electrophoresed for 3 h in an 
ABI Prism 377. Data wem oollected In the Gene Scan program for 
Augment arialysis. Ijoss of heterozygosity was defined as less ttm 33% 
of one allele detected in tumor ampRcons compared with t)lood. 

Proteomic AnaSysis— 100^ were minced into small pieces and 
homogenized In a small glass homogenlzer In 0.5 ml of lysis sduUon. 
Samples were stored at ~20 *C until use. The procedure for 2D gel 
electrophoresis has t>een described In detail elsewhere (15» 16). Gels 
wem stained with silver nitrate and/or Coc^liassle Brilliant Blue. Pro- 
teins were Wentlfied by a comblna^ of procedures that Included 
microsequencing. mass spectromet^, two-dimensional gel Western 
immunoblotting, and comparison with the master two-dimensional gel 
image of human keratinocyte proteins; see blobasexJk/cgWn/ceOs. 

C6H*-Hybi1dizatlon of differentially labeled tumor and nomnal DNA 
to normal metaphase chromosomes was perfonned as described 
previously (10). Fluoresceln-labeled tumor DNA (200 ng), Texas Red- 



labeled referertce DNA {200 ng), and (Ajman Cot-1 DNA (20 /i^ were 
denatured at 37 *C for 5 min and applied to denatured nomnal rnet- 
aphase slides. HybricSzatfon was at 37 for 2 day^ After washing, 
the sQdes were counterst^Oned with 0,15 fig/ml 4,6-dlamldino-2-phe- 

nyTrndote in an anti-fade solutiorL A second hybridization was per- 
fonmed for alt tumor samples using fluoresc^n-labeled reference IDNA 
and Texas f^ed-labeled tumor DNA {nverse labeling) to confirm tf>e 
aberratlpns detected during the Mial hybridization. Each CGH ex- 
periment also included a fK)rmal control hybridization usir^g fluores- 
cein- and Texas Red-labeled normal DNA. Digital fanage ar>alysis was 
used to Identify chromosomal regions with abnormal fluorescence 
ratios. Indicating regions of DNA gains and losses. The average 
greerured fluorescence Intensity ratio profiles were calculated uslr)g 
four Images of each chromiosome (eight chromosomes total) with 
nonmailzation of the greenrred fluorescence intensity ratio for the 
entire metaphase and background conectton. Chromoscxne Identifi- 
catk>n was performed leased on 4.5-diamldlno-2-phenyllndole band- 
ing patterns. Only Images showlr^ unifonn high intensity fluores- 
cence with minimal background staining were analyzed All 
centromeres, p arms of acrocentric chronoosomes, and heterochro- 
matic regions were excluded from the analysts. 

RESULTS 

ComparaWe Genomic Hybridization^Jhe CGH analysis 
identified a r)umt>er. of chronnosonnal galrvs and tosses in the 
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Table I 

ConelaUon between afterattoris detect 

Top. OGH used as independent vaiiabie CGH alteration - what expression ratio was found); bottom, altered expression used , as 
independent variabie Cif expression afteration - what CGH deviation was found). 



CGH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression change dustere 



Concordance 



13 Gain 



.10 Loss 



10 Up-ragulatkm 

0 Down-regutation 

3 No change 

1 Up-regulation 

5 Pown-regulation 

4 No change 



77% 
50% 



10 Gain. 
12 Loss 



8 Up-regulatton 
0 DoNvn-regulation 

2 No change 

3 Up-regulatlon 

2 Down regulation 
7 No change 



89% 
17% 



Expression change clusters 


Tumor 733 vs. 335 


Concordance 


Expression change dusters 


Tumor 827 vs.. 532 


. Concordance 


CGH alterations 


CGH alterations 


16 Up-regulation 


11 Gain 


69% 


17 l^wegtrfation 


10 Gain 


59% 




2 LjOSS 






5 Ljoss 




21 Down-regulation 


3 No change 






2 No change 




1 G^n 


38% 


9 Down^regulation 


OGaln 


33% 




8 Loss 






3 Loss 






12 No change 






6 No change 




15 No change 


3 Gain 


60% 


21 No change 


1 Gain 


81% 


3 Loss 




3 tjoss 






9 No change 






17 No change 





two Invasive tumors (stage pTI, TCCs 733 and 827). whereas 
the tvyo non-invasive papillonrms (stage pTa. TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and and 7+, 9q-, 
and respectively. Both Invasive tumors showed changes 
(1q22-24+, 2q14.1-qter-, 3q12-q13;3-. 6q12-q22--, 
9q344, 11q12-q13+, 17+, and 20q11.2H|12+) that are typ- 
ical for their disease stage, as well as. additional alterations, 
Sonne of which are shovm In Fig. 1. Areas with gains and 
losses deviated from the nonna! copy number to some extent, 
and the average numerical deviation from nornial was 0,4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chronnosomal 
content, were observed at 1q23 In TCC 733 (Fig, ^A) and 
20q12in TCC827 (Rg. IB). 

mRNA Bcpresston In Refation to DNA Copy Number— Ihe 
mRNA levels from the two invash/e tunrK>rs.(rcC3 827 and 
733) were compared with the two non-Invasive counterjSarts 
(TCCs 532 and 335). This was done In two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confoundihg parameter. Ap- 
proximately 1.800 genes that yielded a signal on the arrays 
were searched In the Unlgene and Genemap data b^es for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DMA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the Invasive versus the rran-lnvasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Fig. 1), The density 
of genes along the civomosomes varied, and areas contain- 
ing only CMie gene were excluded from the calculations. The 
resolution of the CGH method is very tow, and some of tine 
outlier data n»ay t>e because of the fact that the boundaries of 
the chromosc^nal aberrations are not known at high resohJtlon. 

Two sets of calculatidns were made from the data For the 
first set we used CGH alterations as the independent variable 
and esttn^ated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a stroiig gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% In DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Rg. 
. 1). in most cases, chromosomal gains detected by CGH were 
accompanied by an Increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Table I, fop). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, fop). The Inabil- 
ity to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alteratbns above 2-fokl as the independent variable and es- 
timated the frequency of CGH alterations In these areas. As 
above, we found that Increased transcript expression conre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I. bottom). 
Furthermore, as a control we looked at areas with no alter- 
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AAA 
A 



AAA 
AAA. 
AA 



Expression changes 
not detected 



Expression changes 
detected 



Expression changes 
not detected 



TiOTior 827 versus 532 Tumor 733 versus 335 

FiQ, a. Correlation between maximum CGH abenration and the abiH^ to detect expression change by oligonucleotide array 
monltoilng. The aberration is ishown as a numerical -fold change in ratio l>etween invasive tunnors 827 (A) and 733 (♦ ) and their norvlnvasive 
counterparts 532 arxl 335. The expression change was taken from the Expression tine to the right In Fig. 1, which depicts the resulting 
expression change for a given chromosomal region. At least half of the mRNAs from a given region have to be either up- or down-regulated 
to be scored as an expression change. All chron(K)somal arms in which the CGH ratio plus or minus one starKlard deviation was out^de the 
ratio value of one were included. 



ation in expression. No alteration was detected by CXSH In 
most of these areas (TCC 733, 60% and TCC 827. 81 %; see 
Table I, /bottom)* Because the ability to observe reduced or 
Increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aben^tlons In the 
regions showing CGH changes against the ability to detect a 
change In mRNA expression ais monitored by the oUgonucleo- 
tide arrays (Rg. 2K^r both tumors TCC 733 (p < 0.015) and 
TCC 827 (p < 0.00003) a highly significant conrelation was 
observed between the; level of CGH ratio ct^ange (reflecting 
the DNA copy numbei) and alterations detected by the array 
based technology (Fig, 2^ Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, boffom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

Mcmsateilfte-based Detec^on of Minor Areas of Loss- 
es— In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 . TCC 733 
chromosome 1q32, 2p21. and 7q21 and q32, 9q34. and 
10q22). To determine whether these results werei tsecause of 
undetected loss of chromosomal material in these regions or 



t)ecause of other non-structural mechanisms regulating tran- 
scription, we examined two microsatellltes positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chroniosome 2p In 
TCC 733 showed a CGH pattem of gain/no change/gain of 
DNA that conrelated with transcript increase/decrease/in- 
crease. Thus, for the areas showing Increased expression 
there was a correlation with the DNA copy number alterations 
(Rg! 1^). As indicated above, the mRNA decrease obsen/ed In 
the middle of the chromosomal gain was because of LOH, 
iniplying that one of the mechanisms for mRNA down-regu- 
lation nr^y be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. . 

In both TCC 733 and TCC 827, the telomerlc end of chro- 
mosome lip showed a normal ratio In the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellltes (D11S1760, 011S922) 
positioned dose to MUC2. IGF2, and cathepsin D indicated 
LOH as the most likely mechanism t^ehind the ioss.of expres* 
slon (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24. 11p11. 12p12.2. 12q21.1, and 16q24 
and In TCC 827 at chromosome 11p16.5, 12p11, 15q11.2, 
and 18q12 was also examined for chromosonnal losses using 
microsatellltes positioned as close as possible to the gene loci 
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Fig. 3. Microsateliite analysis of loss of hetef orygo^. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) fay D1S215 dose to Hu dass I histbcompatlt)IHty ^nt^en (gene 
number 38 In Rg. 1), (b) by D1S2735 dose to cathepsin E (gene 
mimt)ef41 In Rg. 1), and {c) at chromosome 2p23 t>y D2S2251 dose 
to general 0-spectrin bene number 11 onBg. 1) and of (d) tumor 827 
^wlng loss of heterozygosity at chromosome 18q12 by S18S1t18 
dose to mitochondfial 3-oxoacyl-coenzyme A thiolase ^ne number 
12 In Fig. 1). The upper c(trves show the etectropherogram obtained 
from ndrmal DMA fifom leukocytes (/V), and the Iowbt curves sfiow the 
dectropherogram from tumor DMA (7). In all cases one allele Is 
partiaify lost In tiie tumor arripllcon. 

showing reduced mRNA transcripts. Only the microsateliite 
positioned at 18q12 showed LOH (Rg. 3), suggesting that 
tmnscrljjtlonal down-regulatfon of genes In the other regions 
may be controlled by other mechanisms. 

Relatfon between Changes in mRNA and Protein Levels-- 
20-PAGE analysis. In combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all foiir tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 
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Fig. 4. Correlation between protein levels as fudged by 2D* 
PAGE and transcript ratio. For comparison proteins were dMded in 
three groups, unaltered in level or up- or down-regulated ifiofizontat 
axis). The mRNA ratio as determined Ijy oligonudeotkie anrays was 
plotted tor each gene {vertfcal axfs\, mRNAs that were scored as 
present In tx>th tumors used for the ratk> calculation; A, mRNAs that 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent in non-invastve refer^ce (fop of figure). Two different 
scaiings were used to exclude scaling as a confounder, TCCs 627 
and 532 (AA) were scaled with background suppresston. and TCCs 
733 and 335 (#0} were scaled without suppressioa Both compaiP 
sons showed highly significant (p < 0,005) differences in mRNA ratios 
t>etween the groups. Proteins shown were as foSows: Group A (from 
t&ft^, phosphoglucomutase 1 , glutathione transferase dass it number 
4, fatty add-binding protein homologue. cytokeratin 16, and cyto- 
keratin 13; B (from teff). fatly acid-binding protein homologue, 2&4cDa 
heat shock protein, cytokeratin 13, and calcydin; C<from/e^, o-eno- 
lase, hnRNP 81, 28-kDa heat shock protein, 14-3-3-^ and 
pre-mRNA splicing factor; D, mesotheKai keratin K7 ^ype if); E (from 
top), glutathione S-transferase-tr and mesothellal l<eratin K7 (type II); 
F (from top and fefO» adenylyl cydase-assodated protein, EKJadherin, 
keratin 19. catgizzartn. phosphoglycerate mutase, annexin IV, cy- 
tosketetal 'y^actln, hnRNP AT, integral membrane protein calnexin 
OP90), hnRNP H, brain-type dathrin light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonudeoprotdn A/B. 
translational^ controBed tumor protdn. Rv^ gtycerakiehyde-3^tK>S' 
phate dehydrogenase, keratin 8, aldehyde reductase, and Nd,K- 
ATPase p-1 subunit; Q. (from top and te/Q, TCP20. calgizzarin, 70- 
kDa heal shock protdn, calnexin. hnRNP H, cytokeratirt 15, ATP 
synthase, keratin 1 9».trk)sephosphate Isomerase. hnfWP F, nver glyc- 
eFaIdehyde-3-phosphatase dehydrogenase, glutathione S-transfer'* 
ase-v, and keratin 8; H (from left), plasma gelsdin, autoieuntlgen oak 
reticuTm, thk)radox{n« and NAD+-dependent IShyd r oxyprostaglandin 
dehydrogenase; / (from top), pft>lyt 4-hydrQxylase ^-subunit, cyto- 
keratin 20, cytokeratin 17, pn>hll>itlon, and fructose 1,6-blpho®- 
phatase; J annexin 11; K, annexin IV; L (from top and ISe^, 9(Hd>a heat 
shock protein, prolyl 4-hydroxytase 3-suburtit, orenolaae, GRP 78, 
cydophilln, and cofi0n. 

gradient, and having a known chromosomal locatton, were 
selected for analysis In the TCC pair 827/532. Proteins were 
identified by a combination of methoids (see "Experimental 
Procedures'). In general there was a highly significant corre- 
lation < 0.005) betweeii mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto* 
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keratins encoded by genes on chromosome 17 (Rg. 6) the 
analyzed proteins did not belong to a partiouiar family. 26 well 
focused proteins whose genes had a i(now chromosomal 
location were detected In TCCs 733 and 336. and of these 19 
cotrelated (p < 0.005) with the mRNA changes detected uding 
the an^ys (Rg. 4). far example, PA-FABP was higWy ex- 
pressed in the non-invasive TCC 335 but lost In the invasive 
counterpart (TCC 733; see Rg. 5). The smaller number of 
proteins detected in both 733 and 335 was l>ecause of the 
smaller size of the biopsies that were available. 

11 chromosomal regions where CGH showed abenratlons 
that con'esponded to the changes in transcript levels also 
showed corresponding changes In the protein level (Table II). . 
These regions Included genes that encode proteins that are 
found to be frequently altered In bladder cancer, namely 
cytol<eratlns 17 and 20, annexins II and IV, arxi the fatfy 
acid-binding proteins PA-FABP and FBP1 . Fotnr of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area In invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DMA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression In two pairs of non-lnvaslve 
and Invasive TCCs using high throughput expression arrays 
and proteomics, In combination with CGH. In general, the 
results showed that there Is a clear individual regulation of the 
mRNA expression of single genes, whlc^ In some cases was 
sup^mposed by a DMA copy number effect In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact tiiat losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-f6ld change, 
thus being at the border of . detection, in several cases, how- 

Table II 



Proteins whose expression tevef corwiat^ with both mRNA and gene dose changes 


Pnotein 


Chromosomal k>cation 


Tumor TCC 


CGH atteratk>n 


Tianscrlpt atteraflon' 


Protein alteration * 


Annexin II 


1q21 


733 


Gain 


Abs to Presf 


Increase 


Annexin IV 


2p13 


733 


Gain 


3.9-F6kl up 


Incfease 


Cytokeratin 17 


17q12-q21 


827 


Gain 


3.8-F6ld up 


Increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.8-Fotd up 


increase 


(PA^)FA8P 


8q21^ 


827 


toss 


10-Fokl down 


Decrease 


FBP1 


9q22 


827 


Gain 


2^Fold up 


Increase 


Plasma gelsolJn 


9q31 


827 


Gain 


/^toPres 


incr^tse 


Heat shock protein 28 


15q12-q13 


827 


{joss 


2.5-Fold up 


Decrease 


Prohibltin 


17q21 


827/733 


Gain 


3.7-/2.5-Fold up^ 


Increase 


ProtyM-hydroxyl 


17q25 


827/733 


Gain 


5.7V1 .6-Fold up 


Increase 


hnRNPBI 


7p15 


827 


Loss 


2.5-FokJ down 


. Decrease 



' Abs, absent; Pres, present. 

* In cases where the conresponcfing alterations were found in both TCCs 827 and 733 these are shown as 827/733. 




Fto. S. Comparison of protebi and transcript levels in bwashre 
and non-tnvasive TCCs. The upper part of the figure shows a 2D gel 
(te/^ and the oUgonudeotkle an-ay ^/j/) of TCC S32. The red rectan- 
gles on the upper gei highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Cieajiy, cytokeratins 13 and 15 are strongly downw^ufated In TCC 
827 (red annotation). The tile on the array containing prot>es for 
cytokeratin 16 is enlarged tjelow thie an^y (red arrow) from TCC 532 
arKi Is compared with TCC 827. The upper row of s<7aarBS In each tile 
corresponds to perfect match prok>e3; the k)wer row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
spedfic binding). Absence of signal Is depicted as bfack, and the 
higher the signaj the fighter the color. A high transcript level was 
detected In TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (at>sence of signals). For cytokeratin 13. a high 
transcript level was also preseint In TCC 632 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gets at 
the bottom of the figure (fe/i) show levels of PA-FABP and adlpocyte- 
FABP b\ TCCs 335 and 733 (invasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the ris^fit we show the array 
tnes for the PArFABP transcrfpL A medium transcript level was de- 
tected In the case of TCC 335 (1277 units) whereas very low levels 
were detected In TCC 733 (166 units). ifiF« isoelecUlc focusing. 
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ever, an increase or decrease in DMA copy number was 
associated with cte now occurrence or complete loss . of tran- . 
script, respectively. Some of these transcripts could not be 
detected In the non-Invasive tumor txjt were present at rela- 
tively high levels In areas with DMA amplifications in the inva- 
sive tumors {e.g, in TCC 733 transcript from cellular llgand of 
annexin II gene (chromosome .1q21) from absent to 2670 
arbitrary Units; in TCC 827 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units), it may be anticipated from these data 
ttmt significant clustering of genes with an increased expres- 
sion to a certain chromosomai area irKjicates an increased 
lil<elihood of gain of chromosonwd matertai in this area 

Considering the many possible regidatory mechanisms act- 
ing at the level of transcription, it sieems striking that ttie gene 
dose effects were so cleariy detectable In gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation In tumor cells (17-19). TTius, it may be possible 
that In chromosonries with Increased DNA copy numbers two 
or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas In chnOTOSomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20, 21). A recent report has documented a 
ploidy regulation of gene e)q3ression in yeast, txrt In this case all 
the genes were present in the same ratio a situation that is 
not analogous to that of cancer ceils, whli^ show mari<ed 
chromosomal alienations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomai at>erTatlons are common at certain 
stages of disease progression, often occurring In more than 1 
of Stumors, In pTatumorSp.these include 9p-,9q-, 1q+. Y- 
jg, €), and In.pTI tumors. 2q-,11p-. 11q-. 5p+, 8q+. 
17q+, and 20q+ ^-4, 6. 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. !JI<^se, the two minimal invasive 
pT1 tumors showed abenrations that are commonly seen at 
that stage, and TCC 827 had a remartcaWe resemWance to the 
commonly seen pattern of losses and gains, such as 1q22-24 
amplification (seen In both tumors), 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
Hnked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations Indicate that the pairs of tumors used In this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general. Importance for 
bladder cancer. 

Considering that the mapping resolution of CGH Is of atxnjt 
20 megabases it is only possible to get a crude picture of 
chronnosofnal Instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with Increased copy numbers. Analysis of these regions 
by positioning ^heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
k3»ss of heterozygosity In several cases. It seems likely that 
multiple and different events occur along each chromosomal 



ann and that the use of cDNA mlcroanrays for analysis of DNA 
copy numt)er changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aben^ions- At present we do not know the mechanism be- 
hind chromosomal aneuptoldy and cannot predict whether 
chromosomal gains will be transcrit)ed to a larger extent than 
the two native alleles. A mechanism as genette imprinting has 
an Impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between Imprinting 
aruJ gain of chromosomal material is not known. 

We regard It as a strengtii of tills investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close, and prot)ably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three diff^'ent 
state of ttie art methods. The ot>served conrelation between 
DNA copy nittnber and mRNA expression is remarkable when 
one considers that different pieces of tiie tumbr biopsies were 
used for tiie different sets of experiments. This Indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data ttiat showed a remari<at)le 
similarity even between tumors and distant metastasis (10, 23). 

in the few cases analyzed, mRNA. and protein tev^s 
showed a sticking con-espondence altiiough in sows cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of tt>ese. Some transcripts belor^ to 
undertranslated mRNA pools, which are associated with few 
translationaliy Inactive ribosomes; tinese pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25), and a moderate correla- 
tiOQ was recentiy reported t3y tdeker et al, (26) In yeast 
(jnterestingly. our study revealed a imich better correlation 
between gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels In general, tiie level of CGH change detennlned 
the abifity to detect a change in trariscrip^One possible 
explanation could be ttiat by losing one allele the change In 
mRNA level Is not so dramatic as compared witii gain of 
materia], which can be rather unlimited and may lead to a 
severalfold Increase tn gene copy number resulting In a much 
higher Impact on transfeript level, the latter would be much 
easier to detect on the expression anrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by riolse on 
the array. Constmction of anrays with a better signal to noise 
ratio may in the future allow detection of lesser tfian 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant congelation between 
^ DNA copy number, mRNA expression, and protein levdi. Four 
of these proteins were encoded k>y genes located at a fre- 
quently amplified area in chromosome 17q.. Whether Dl^ 
copy number Is one of the mechanisms behind alt^atlon of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor maldng such studies complicated Is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentiflcation and/or mass spectrometry to 
correctly Identify the proteins in the gets. 

In Gondusion, the results presented in this study exemplify 
the large body of knowledge that may t>e possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein Here, we used a tradi- 
tbnal chromosomal CQH method, but in the future high reso- 
lution CGIH teased on mk^roanrays with many thousand radiation 
hyl>rW-mapped genes wiil Increase the resolution and infbnna- 
tion derived from ttiese types of experiments (2). Comtjined with 
expressk3n anr^ analyzing transcripts derived from genes with 
known kx^ttons, and 2D gel analysis to obtain informatton at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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ABSTRACT 

Genetic changes underlie tumor progression and may lead to cancer- 
'spediie expression of critScal genes. Over 1100 .publications liave de-.. 
- scribed tiie ose of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations in cancer, but very few of the genes 
affected are known. Here, we performed hlgh-resolutioh CGH analysis on 
cDNA mlcroarrays in breast cancer and directly compared ci^y number 
and mRNA expression levels of 13^.genei to quantitate the.lmpact of ' 
genomic changes on gene expression. We Idoitified and mapped the 
iraundaries of 24 Independent ampUcons, rangfaig In sfaee from to 12 
Mb, Thronghoat the genome, both Ugli- and low-lc^ copy nnmb«r 
c^hugetliad a snbstantlal tmpaft on gene exprcssioii» with 44% of the 
hig^y amplified genes showing overexpression and.-l*0^% of tiie highly 
ovcrexpressed genes behig ampHQed. Statistical analysis^ wHh random, 
pennutation tests Identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplificatio'n. T^ese 
included most previously described amplified genesi in breast cancer and 
many novel targets for genomic alterations, including the ffOXB7 gene, 
the presence of which fai a nOvd amplicon at 17q21<3 was validated in 
lO^y* of primary breast Cancers and associated wftS poor patient pn>g- 
nosb. In concfaision, CGH on cPNA mlcroarrays revealed hundreds of. 
novel genes -whose overexpression is attributable to gene ampBfication. 
These genes may provide insights to ti|e clonal evolution and progresrion 
of breast cancer and hlghll^ft promlshig therapentic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microaTrays have 
facilitated classification of cancers into biologically distinct catego- 
ries some of which es^Iain the clinical behavior of die tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanians und^lying gene e}q)ression patterns in cancer have re- 
mainec^ehisive, and the utility of gene O;q>ression profiling in the 
identfficlfttion of q;>ecific tli^rapeufic targets remaiiis .HimS3r*^ ^ 

Accumulation of genetic defects is thought to underlie the clonal ^ 
evolution of cancer. Identification of the genes that mediate, the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 mdEGFR'P, 8), in breast cancer and 
other s6lid tumors. Besides amplifications of known oncogenes, oyer 
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Fig. l.Iii^>actofgeheoopyqumberong]obBlgenee]vn^ 
over- and imderoipresaedi^enes {T axis) aoootdmg to co|jy mtDbensstios QC ads}. 
Threshold vahies used for over- and lAidmqiressfon were >Z]84 (global vppct 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of the expression ratios), B, percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplificatkm and ddetiott were >U and <0.7. ' 



20. recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH^ (9, 10).. However, diese ampticons are often 
largo and poorly ^fined, and their Impact on gene expression remains 
uiiknowiL 

We hypothesized that genome-wide identification of those gene 
expression changes that . are attributable to underiying gene copy 
number alterations would highlight transcripts that are. actively in- 
volved in the causation or maintenance of , the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays.to: (a) determine the global impact that gene copy 
number variation plays in breast cancer develq>ment and progression; 
and (b) identify and characterize those genes, whose mRNA expnes- 



- ^The abbreviations \s$ed are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridizatioii; RT-PCR, reverse transcription-PCR. 
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CffiNB EXPRESSICm PATTE|WS IN BREAST CANCER 




JS^pJ^W S.*^ ^ tclomcie to Xq tdomcit i* shown aloiig with ± I SD (or««e lines). The hUxckhorhpnJune indicates- t nlioTir^iSr^ 
Slf^^i *i ^ genome-widc copy nnmbcr analysis in MCT-? by CGH on cDNA microaasy. TTus copy 5umb(^ latios woe plotted as a^d^of S bStiS 

S^B^^flTL^t^ ^-^^ with a Unc, and e m^ng nBcdiS of 10 adjacent <Xo^V^^Tr^ 

^.^^^S^J^^^^^J^^'^.T ^ n^l^hrighiT^dats indicate the nppcx 2%. a^d^nS^^T 

^^i^J^t^S^^^^^^^^ ^^T?'"^.,*^^- ^"'^ rfot, indicate the lowpt 2%. and ^ gi«n the vJ^oi^^^^^^ 



sibn 13 most significantiy associated with amplific^tidn of the corre- 
sponding genomic^tenjplate. 

MATEMAU A£ID MJ^TO^ 

Breast Cancer Offl Ones. Fpurtccn breast cancer ceU lines (BT-20, BT- 
474, HCC1428, Hs57«t, MCF7. MbA-361, MDAt436, MDA-453, MDA^68, 
SKBR.3, T^7D, UACC812, ZR.75-1, and ZR.75-30) wett obtained from Ac 
American Type Culture Collcctipn (Manassas; VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA weie isolated 
using standard protocols. 

Copy Number and I^n^ression Analyses by cDNA MIcroarrays, The 
pieparatSon and printing of die 13,824 cDNA clones op glass stides wen 
performed as described (1 1-13). Of diese clones, 244 rt^iesented undiarac- 
terized expiessed sequence tags,"aiid ^ lemainder corresponded to known'* 
geaes. CGH experiments on cDNA mjcroaxrays were done as described (14, . 
15), Briefly, 20 ^g of genoinic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-^18 h with i4/ul and /tral (Life Technol- 
ogies, hic., Rockville, MD) and purified by phenoychloroform extraction. Six 
fig of digested cell line DNAs werb labeled with Cy3-dUTP (Amereham 
Phannacia) and normal DNA with CySniUTP (Amersham Pharmacia) using 
the Bioprime Ubeling kit (Life Technologies, inc.). Hybridization (14, 15) and. 
posdiybridization washes (13) were dofte as. described. For die expression 
analyses, a standard reference (Universal Human Reftrence RNA; Stratagcne, 
La JoHa, CA) was used in all experiments. Forty fig of reference RNA were 
labetod .witfa Cy3-dUTP and 3.5 /*g of test mRNA with Cy5.dUTP, and the 
labeled cDNAs were hybridized on microarrays as de$cn*bed (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by die 
average mtensity of the corresponding clone m die control hybriduntion. For 
the copy number analysis, the ratios were normalized on the basis of die 
distribution of ratios of an targets on the array anil for die wq)ression* analysis 
^n Che basis of $8 housekeeping genes, which were spotted four times onto the 
anay. Low quality measurements (/.e., copy .number data widi mean reference 
intensi^ <fOO fluorescent um'ts, and expression data witfi both test and 
reference intensiQr <100 fluorescent uiuts and/or widi ^t size <50 units) 



wCTc exchided from the analysis and were treated, as missmg values. The 
distributions of fluorescence rati(» weceused.to define cu^kts formcreascd/ 
decreased copy number. . Genes widi CGH ratio >1.43 (representing die iqjper 
•5% of die CGH ratios across all experunents) were considered to be amplified, 
and genes witti ratio <p:73 (rqnesenting Uk lower 5%) were coi^idered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
die influence of copy number alterations on gene expression, we jpplied die 
following statistical approach. CGH and cDNA cah*brated intensity ratios were 
]og*transformed and normalized Using median centering of the values in eadi 
cell line. Fiirdiermore, cDNA ratios for each gene across aD 14 cell hues were 
median centered. For each gene, die CGH data were represented ly a vector 
diat was labeled 1 for amplification (ratio, >1.43) and 0 foe no aimplificadott. 
Amplification was correlated widi gene ejqpiessii^ using die sigmd-to-mnse 
_8ti|tistic8 (1). We calculated a wd^t, for each gene as^oD^yws: 

m^-m^ • 

where m^|, o^, and o^ denote the means and SDs for die expression 
levels for amplified and nonamplifled cell lines, jtespectivety. To.assess die 
Statistical significance of each weighij we performed 10,000 random permu- 
tations of dw label vector. The probability dmt a gene had a larger or equal 
weight by random permutation dian the original wei^ was . denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
• amplification. 

Genomic Localization of cDNA Qones and Amplicon Mapping. Each 
cDNA clone on Uie microarray was assigned to a Unigene cluster using die 
Unigeric Build 14.1.* A database of genomic sequence alignment ioformation 
for mRNA sequences was created from the August 2001 freeze dT die Um- 
vttsity of CaUfoniia Santa C^niz's GoldenPadi database.^ The duomosome and 
bp portions for each cPNA clone were then retrieved by relating diese data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
a^acent dones hi two or more cell Imes or a CGH ratio >2.0 in at least tiiree 
adjacoit clones m a single cell line. The amplicon start and end positions were 
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OENB.EXPRESSICm PATTERNS IN BRJBAffT CANeER 



TWjIc I Sumniary oftndq}endent amplicons tn J4 brtast 
^ ' CGH miawaray 



cmeer cdl Bnes by 



Location 



Start (Mb) 



End (Mb) 



lpl3 
lq21 

1<|22 
3pl4 

7p]2.1'-7pn^ 

7q3l 

7q32 

8q21.1 1^21.13 
8q213 

84233-8424.14 

8q24.22 

9pl3 

i3qf22-<|31. 
ITqll 

l7ql2-q2U 
17q2U2-q2U3 
17^2-423J 
]7q233-4243 
•I9ql3 
20qim 
20ql3.l2 . 
20ql3.12H|]3.13' 
20ql3^-Hil332 



Sge(Mb) 



132.79 
173^ 
179.28 
71.94 
55.62 
125.73 
140.01 
86.45 
98.45 
129.88 
.151.21 
38.^ 
77.15 
86.70 
29J0 
39.79 
52,47 
0.81 
69.93 
40.63 
.3439 
44.00 
46.4S 
5132 



132.94 
177^5 
li9Si 
74.66. 
60.95 
130.96 
140.68 
92.46 
103.05 
142.15 
152.16 
.39.25. 
8138 
87.62 
30L85 
. 42.80 
$5.80 
69.70 
74.99 
4t.40 
35.85 
45.62 

59112 



.03 
33 

03 
2.7 
53 
53 
0.7 
6.0 
4.6 

123 
1.0 
0.6 
43 
03 
1.6 
3.0 
33 
53 
5.1 
0.8 

.13 
i.6 
3.0 

. 73 



extended to include neighboring nonamplificd clones (ratio, <13). The aim- 
■plicon size detenninatson was partially dependent on local clone density.' 

FISH. Dual-color mterphase FISH to breast cancer , cell tines tvas done' as 
described (17). Bacterial artificial chromosome done RPll-36iK8 was la- 
beled with SpectminOtonge (Vysis, l>ownas Grrove, IL), and Spectrum- 
Orange^labeled probe for EGFR was o4>tatned from Vysis. SpectrumGreen- 
labeled chromosome 7 and 17 ce ntr omere probes (Vysis) were used as a 
lefbreuce. A tissue microarray containing 612 formalin-fixed, paraffin-embed- • 
ded primary breast cancers (17) was iapplicd in FISH analyses as described 
. (18). The use of these specimens was approved by the E&ics Committee of the 
University of Basel and by Ae NIH. Specimens containing a 2-fold or higher 
increase m the number of test probe signals, as compared with cortesp6n<ting 
centromere, signals, m at least 10% of the tumor cells were considoed to be 
amplified. Survival analysis was performed using the Kaplan-Mder method 
and the logrrank test 

KT-PCR. The H0XB7 expression level was .detemuned leiative to 
GAPDH. Reverse transcription and PGR amplification wcfe peifoimed using. 

RT-PCR Sys^ (Ptomega Corp., Madison, WI) witfi 10 ng of mRNA 
as a temphitB. H0XB7 pnmm were 5'-OAGCAOAGGGACrrC€3GACnT-3' 
M 5'-G<X5TCAd(3TAGCGATT<3TACk3'. 

B3ESIJLTS " 

Global Effect of Copy Number, on Gene Expression. 13,824 
arrayed cDNA clones were ^>plied 'for analysis of gene expression 
md gene copy niunber (CIGH microairays) in 14 breast cancer cell 
lines. The results illustrate a considerable iBfiiience of copy numbCT 
on gene exprression patterns. Up to 44% of the highly amplified 
transcripts (CX5H ratio, >2.5) were overexpressed (U, belonged to . 
the global upper 7% of expression ratios), coinpared with only 6% for 
geiies with normal copy numb«r leyeb OFig. lA). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy niimber (Fijg. \B), Low-level copy number 
increases and decreases were also associated, with siinilar, although 
less dramatic, outcomes on gene e3q)ression (Fig.- 1). 

Identification of Distinct Breast Cancer AmpUcons. Baise-pair 
locations obtained for 11, 994 cDNAs (86.8%) were psed io plot copy 
number changes as a function of genomic position (Fig. 2, Supple--, 
ment Fig. A). The average spacing of clones througlwut the genome 
was 267 kb; This high-resoiution mapping identified 24 independent 
breast cancer amplicons, spanning fi-om 0.2 to-12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomai 



CGH weire validated, with lq21, 17ql2-421.2, 17q22^q23, i20ql3.l, 
and 20ql3.2 regions being most commonly amplified. Furfliennore' 
the boundaries of these amplicons were precisely delineated In ad* 
dition, novel amplicons were identified at.9pl3 (38.65-39.25 Mb)' 
and 17<tftl3 (5247-r55,80 Mb). . - 

Direct .Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correls^. 
tion of copy number isLnd expression data on a gene-by-gene basis 
throughout the genome. We directly annotated hi^-Tesolution 
CGH plots with gene expression data using color coding. Fig. 2C 
showis that inosf of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of <;hromosome 7 in fiie l^A-468 cell line 
implicates EGFR as.tfae most highly oyerexpressed and amplified 
gene at 7pll-pi2 (Fig. 3.4). In BT-474, the tvo known amplicons 
at . 1 7ql 2 , and 1 7q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3B). In addition, several gcnfes,. including the 
homeobox genes H0XB2 ^d HOXB?^ were highly amplified in a 
. previously undescribed dependent ampUcon. a 'HOXB7 
was systematically amplified (as v^idated by FIiSH, Fig. 3B, inset) 
as weD as overexipressed (as verified:by RT-PCR, data not shown) 
in BT-474, IJACC812, andZR-7W0 cells. Fiirthennore,. tlus iiovei.. 





Fig. 3. Annotation ofgen&afrasion data on CGH microam^ profiles. A, genes in the 
7pl ]-pl2 axnplicon in the MDA-468 ceU line are highly expressed {r^ dots) and inchide 
. the EGFR Ottoogeoe. j. several genes in tije 17ql2, 17q21 J, and 17<^23 amplicons In the 
BT-474 breast cancer cell tine are highly overexpressed (mO and inchidc the H0XB7 
gene. The data labels and color coding are as indicated for Fig. 2C fnsets show 
chnmiosonwl'CGH profiles for the conespondmg chromosomes and vaUdation of the 
increased copy number by farterphase FISH itsing EGFR {red^ and daomosome 7 
centromere probe igreen) to MDA-468. (4) and HOXB7-spoc^t probe {nd) and chro- 
17 oentromere (green) to BT-4T4 cells {B), 
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level copy miiiiber . increase. Low-level copy number gaihs and losses 
also had a significfflat influence on expression levels of genes in the 
legions affected, but^ese effects were more subtle on a gene-by-gene 
basis dian those of high-level amplifications. However, the impact of 
low-level gaips on the dysregulation of gene expression patterns in 
cancer may be equally important if not more in^nnlant than that of 
high-level amplifications. Anei5)loidy and low-level gains and losses 
of chromosomal arms represent the most conunon types of genetic 
alterations in breast and other cancers and, fhimfore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on iflie impact of anjsuploidy on global gene expression pat- 
terns m yeast cells, acute myeloid leukemia, and a prostate cancer 
model system .(22-24)i ■ 

The CGti microairay analysis identified 24 indep^dent breast 
cancer arnplicons. We defined the precise boundaries for, many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not beeb detected previ- * 
ously, presumably because of tfieir small size (on^ 1-2 Mb) or close 
pfoxiinity to other larger atnph'cons.' One^ of ihese novel dmplicons 
involved the homeobox gene region at 17q21 J and led to the over- 
rapression of the HOXB? znd H0XB2 genes. The homeodomain 
franscription factors W'lodown to be key regulators "of embiyonic 
development and have been occasionaliy r^rted to undergo aberrant 
ei^ressioa in cancer (27, 28). HOXB7 transfection mduced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tnmorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a pix>minent mech- 
a^sm for overe?q>ressing HOXB7 in . breast cancer and suggest that 
//0^7 contributes to tumor progression and toilers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as weD as an association ^f amplification witii poor prognosis 
of the patients. 

• We carried out a systematic -search to identify genes whose 
expression levels across all - 14 cell lines were attributable to 
amplification status.. Statistical analysis revealed 270 such genes 
(representing -^2% of all genes on the array), including not only 
previously described amplified genes, such as HEJl'2, MYC, 
EGFR, Tibosomal protein s6 kinase, and AIJBS^ but also numerous 
novel genes such as NRAS^related gene (lpl3), syndecan-l (^q22), 
and bone morphogentc protein (20ql3.1), whose activafion by 
an^lificati^ n^y similarly promote breast cancer pro^ssion. . 
Most of the 270. gencS have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of th^ to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional infoimatibn were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly hnply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map. of 24. independent 
annplicons in brea^ cancer, and (c) identification of a set of 270 
genes, the ovefcxpression of which was statistically attributable to 
gene amplification: Characterization of a novel amplicon at 
]7q21.3 implicated aihplification and oyerexpression . of the 
H0XB7 gene in breast can.cer, includiiig a clinical association 



between H0XB7 amplification and poor patient prognosis* Overall 
our results illustrate how the identificatiQii of geiies activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as. well as to prioritize and 
validate putative targets for therapy development 
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Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here vve 
report a genome-wide ihicroanay comparative genomic hybrid- 
ization {array CGH) analysis of DNA copy number variation In 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration aaoss 6,691 mapped human genes, fn 44 
predominantly advanced, piimavy breast tumors and 10 breast 
cancer ceD lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of ampHcon shape provide significant 
irnprovement in the Ipcatization of candidate oncogenes. Parallel 
mlcroaaay measurements of mRNA levels reveal the remarkable 
degree to which variation In gene copy number contributes to 
variation in gene expression in tumor cells. Spedrically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that 0NA copy number influences gene ex- 
pression across a wide range of DNA copy number aherations 
(cleletion. low-, mid- and high-level amplification), that on average, 
a 2'fold change in DNA copy number b associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall at least 
12% of ail the variation In gene expression among the breast 
tumors is directly attributable to underlying variatkm In gene copy 
number. These fifidings provide evidence that widespread DNA 
copy number aheration can lead directly to global deregulaten of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventionai cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the ideniifi. 
cauon of a number of recurrent rcgi<ms of DNA copy number 
alteratidii in breast cancer cell lines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e-g., FOFRl (8pll), MYC (8q24). OCNDl (nql3), ERBB2 
}}73^^)* ZNE217 (20ql3)] and tumor suppressor genes 
(Ml (13ql4) and TP53 (17pl3)), the relevant gcne(s) within 
other regtons (eg., gain of Iq, 8q22, and 17q22-24. and loss of 
op) remam to be ideatifiedL A high-resotution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors^ should faalitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
ra a senes of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
pNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, wc had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression; From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell lines. Primary breast tumors were predominantly 
large (>3 cm), iiitermcdiate-grade, infiltrating ductal carcino- 
mas, with more than 50% being lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as siqjporting 
information on the PNAS web site, www:pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
foUowed by ethanol precipitation. 

DNA Ubeting and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack cf fl/, (7). with slight modifiications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. "Test" DNA 
(from tumors and cell lines) was f hiorescently labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e., UniGene ciustere), the 
-^reference" (labeled with Cy3) for each hybridization was nor- 
ma! female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeihig and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix scanner (Axon Instruments, Foster Oty, CA), and 
f htorescence ratios (test/reference) calculated using scanalyze 
software (available at ht^://ranaJbl.gov). Fluorescence ratios 
were normalized for each am^ by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with f iuoresicence intensities more than 20% above bade- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from badcground ratios measured in 
normal genomic DNA control l^ridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Abmd Fluorescence Ratios hi the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a movhig average (symmetric 5-ncarest nefebbofs). 
Map positions, for arrayed human cDNAs were assigned by 
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Idcnttfytng the starting position of the best and longest match of 
any DNA seqtience represented in the corresponding UniGcnc 

/K^ifl*'//^^®^ "^""^^ *^ Path" genome assembly 

(http://gMiome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGcne 
clusters represented by muhiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "meaiH»ntered" (le^ reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entuety m the su{^rting information. 

Results 

We performed COH on 44 predominantly locally advanced. 
^ilS?^ ^^^^ cancer cell lines, using 

cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take fiiU advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themseh^es represent genes of potenUal interest (eg., 
candidate oncogenes within amplicons). but also provide precise 
genetic landmarks for chromosomal regions of amplification and 

12964 \ www4>nas.org/cgi/dol/tai(r73/pnas. 162471 999 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chipmosomes (Fig. 16), as we did before 
(7), demonstrated tfie sensitivity of our method to detect single- 
copy loss (45. XO), and 15- {47,XXX), 2- (48,XXXX), or 
2.5-fold (49;XXXXX) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
•ratios were linearly proporUonal to coj^ number ratios, which 
were slightly underestimated, m agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
wdent in both the breast cancer ceU h'nes and primary tumore 
(Fig, 1<3), detected m the tumors despite the presence of eupl<»a 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower hi the tumor samples. DNA cof^-number 
alterations were found in every cancer cell Ihie and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example,.gains within Iq, 8q, 17q, and 20q were 
observed m a high proportion of breast cancer cell Ihies/tumors 
(9G%/69%. 100%/47%, 100%/60%, and 90%/44r^. respective 
ly), as were losses , within Ip, 3p, 8p, and i3q (80%/24% 
80%/22%, 80%/22%, and 70%/18%, respecHvefy), consistent 
with published cytogenetic studies (refe. 2-4; a complete listing 
of gams/losses is provided hi Tables 2 and 3, which are published 
as supportmg mformation on the PNAS web site). The total 
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number of genomic alterations (gates and losses) was found to 
be significant^ higher in breast tumors that were high grade (P = 
0.008), consistent with (>ubJished CGH data (3), estrogen reccp- 
nlLSl^!^^ " harboring TP53 mutations (P - 

0.0006} (see Table 4, which is published a& supportine Informa- 
tion on the PNAS web site). 

The unproved spatial resolution of our array CGH analysis is 
fliustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some B revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or prevbusly 
uncharacterized oncogene (Fig. 7a), The complexity of amplicon 
2SSL"i^ appreciated in the breast cancer cell line 

SKBR3; Although a conventional CXjH analysis of 8q in SKBR3 
i^ntified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled M m Fig, 2b), For each of these regions we can define the 

MlackefaA 



boundaries of the mterval recurrently amplified in the tumors we 
cxammed; m each case, known or plausible candidate oncogenes 
can be identified (a descr^>tion of these regions, as well as the 
rccuiTcntly amplified regions on chromosomes 17 and 20, can be 
found m Figs. 6 and 7, which are published as supporthie 
information on the PNAS web site). fi~ 

For a subset of breast cancer ceU lines and tumore (4 and 37, 
respectively), and a subset of arrayed genes (6^5), mRNA 
levels were quantitath'eiy measured m parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful m the.mterpretation of DNA copy number changes. For 
example, tbe highly amplified genes that are also highly ex- 
pressed arc the strongest candidate oncogenes within an ampti- 
con. Perhaps more significanUy, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells 

A strong influence of DNA copy number oo gene expression 
IS evident m an examinaUon of the pseudocotor representations 
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Rg. 3. Concordance between DMA copy number and gene expression across chromosome 17. DNA copy mimber alteration (Upper) and mRNA levels aower) 
areiHustfated lor breast cwKer cell Unes and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering (Upper), and the 
dI??^*.?' Is maintained Uowe/). The 354 genes present on the microarrays and mapping to chromosome 1 7, and for which both DNA copy number 
„ niRNA leveb were determined, are ordered by position along the chromosome; selected genes are Indicated In color-coded text (see Fig. 2 legend) 
Fluorescence ratios (tesVreference) are depicted by separate log, pseudocolor scales (Indicated). v« r g. z legena^. 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (F%. 3), The overall patterns of gene amplification and 
elevated gene expression arc quite concordant; ie^ a signtficant 
fraction of highly amplified genes appear to be correspomlingly 
highly eq)ressed. The concordance between high-level ampllH- 
cation and increased gene expression is not restricted to diro- 
m<»omc 17. Gc»ome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, ^cb 
is published as supporting fofor mation on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found assodated with con^a- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4), 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level ampliftcation) are 
also^assodated with correspondmg alterations in mRNA levels, 
we performed three separate ana^ses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tradced with DNA copy number across all five classes, in a 
statistically significant fiishion (/* values for pair-wise Student's 
. rtcstscomparhiga^acent classes: cell lines,4 x 10-^,1 x 10"*^ 
5 X 10:^^,1 X 10-^, tumors, 1 X 10-^^ 1 X 10-»*. 5 X 10-*^, 
1 X 10"*). A Itaear regression of the average log(DNA copy 
number), for each dass, against average log(mRNA level) 
demonstrated that on average, a 2-fold diange in DNA copy 
number was accompanied by 1.4- and 13-fpld changes m mRNA • 
level for the breast cancer cell lines and tumorstTespectively (F^. 
4ff, regression line not shown). Sec<md, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 4b). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistical^ significant, as evidenced hi a plot 
of observed vs. expected correlations (Fig. 4c), and ref lects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, die highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we^ used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Rg. 4, 6en<>fne>w{de {nfluence of ONA copy number aKerations on mRNA levels, (a) For breast carjcer cell lines (gray) and tumor samples (black) both 
inedrKentered mRNA fluorescence ratio (logj scale) quartiles (box plots indicate 25th, SOth, and 75th percentile) and averages (diamonds; rvalue error bars 
mdicate standard errors of the mean) are plotted for each of five classes of genes» representing ONA deletion (tumor/normal ratio < 0^). no change (0 8-1.2) 
low» (12-2). medium- Q-A), and high-level (>4) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent classes (movina 
teftto right), an.4x io--»» 1 x 10-^,5 X 10-^ 1 x 10-McelUine$).and 1 X 10-•^ 1 X 10-"* 5 X IQ-^M X KT* (tumors), (fc) Distribution of correlations betwe^ 
DMA copy number and mRNAlevels. for 6,095 different human genes across 37 breasttumor samples. (c)PIotof observed versus expected correlation coefficients. 
The e)(pected values were obtained by randomization of the sample labels in the DMA copy number data set. The line of unity Is Indicated, (c/) Percent variance 
in gene expression (among tumors) directly explained by variation in gene copy number. Percent variance explained (blade line) and fraction of data retained 
(gray line) are plotted for different fluoreiscence intensity/background (a rough sunrogate for signal/nolse) cutoff values. Fraction of data retained Is relative 
*tJJli Intensity/background cutoff. Details of the linear regressioiv model used to estimate the fraction of variation In gene expression attributable to 
undef1yirM9 DMA copy number alteration can be found In the supporting Inf onmation (see Estimating the Fnction of Vsrietlon in Gene Expression Attributable 
to Underiying ONA Copy ftomber Aitefation), 



tumofs that could be attributed to underlying variation in DNA 
copy numt)er. From this analysis, wc estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained direttly by variation in copy number of the altered 
genes (Fig. 4d). Wc can reduce the effects of estperimental 
measurement error on this estimate 1^ using only that fraction 
of the data most reliably measured (fluorescence intendty/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number ina-eases to 12% (Fig. This still. undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-ttmior cell types withm di&ical 
samples. 

Discussion 

This genome-wide, array CXJH analysis of DNA copy number 
aHeration in a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gcne-by-gene), and quantitatively measuring amplicon shape, to 
as^t in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
dianges in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Altbotigh the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, l>ecause we are examinmg such a large fraction 
of the genome (approximately 20% of sSl human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered geoc 
expression, we l>elieve our findings ate likely to be genoralizable 
(but would nevertheless still bt remaricable if only applicable to 
this set of --6,100 genes). 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy nimiber and gene expression In cancer cells. In 
agreement with our findings, PhilOps iet aL (14) have shown that 
with the acquisition of timiorigenidty in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et al. (15) recently reported that in metastatic 
colon tumors only —4% of genes within amplified regions were 
found more highly (>2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression* These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et at (15) may have 
systematically under-measured gene expresaon changes. In this 
regard it is remarkable that only 14 transcrq)ts of many thousand 
residing within unampJified chromosomal regions were found to 
exhibit at least 4-foid altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution diromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of hlgh-coropleiuty amplicons, cffectiyely overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
Issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several Important tmplxcatlons. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, h suggests that 
most genes are not subject to specific aiitoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of h^ghJ^ amplified genes 
demonstrated moderate^ or highly elevated expression. Tliis- 
highlights the importance of hi^-icsolution mapping of ampli- 
con boundaries and shape (to identify the "driving** geDe(s) 
within ampiicons (16)], on a large number of samples,^ addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA co|^ number aberration, particuJarty aneuploid^ (where 
gene expression can be averaged across large chromosomal 
regions; see Rg. 3 and supporting information). Fifth, this 
finding implies that a substantia] portion of the phenotypic 
uniqueness (and by extension^ the heterogeneity in clinical 
behavior) among patients' tumors may traceable to undeity- 
ing variation in DNA copy number. Soth, this finding supports 
a po^ible role for widespread DNA copy number alteration in 
iumongene$is.(17, 18). beyond the amplification of specific 
oncogenes . and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stodiiometrik; relationship^ in ceil metabolism and physiology 
(e.g., prpteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our fhidings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi -quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 1 8 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et al, Pathol Annu. . 27Ptl :165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi a/.. Blood, 73(8):2081-2085(1989); Meeker.e^ a/., Blood , 76(2):285.289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotfierapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also Ixj 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be xmder-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detectioii of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increiased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where thfc protein expression does not correlate 
with the mRNA expression, this still provides significant information usefiil for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
pimishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. , 
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Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company- wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple projects aimed at* understanding novel genes discovered through 
biomformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
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University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsibteior generating genomic iibrariQS, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the lnterleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can Identify activated proto-oncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The 
chromosomal translocation t(5;14) (q31:q32) from this 
sample was cloned and studied at the molecular level. This 



translocation joined the immunoglobulin heavy chain join- 
ing <Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
• 1989 by GrunB & Stratton, Inc. 



KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the feukemia sample. The restriirtion 
fragment pattern of normal human DNA {N| and the leukemia 
sample (U were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both HindWM EcoHX and 5au3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



protooncogenes, such as o-myc and bcl-l?^ In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generatioOvOf leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, assodated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.^'* This syndrome probably 
occurs in <l% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the intcrleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a rcprc- 
seniative patient with ALL (LI morphology by French- American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q3l;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.* Briefly, 
10 Mg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
agarose gel; The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights. IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 
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lishcd methods/ Approximately 100 of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategcne. San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported.^ 

DNA sequencing. Fragments for sequencing were cloned into 
M13 vectors and sequenced by the chain termination method using 
Scquenase {United States Biochemical. Cleveland).' All sequence 
data were derived from both strands. 

RESULTS 

Wc studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.^ '* 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for 81 (CD20), 
84 (CD19). cALLA'^(CDIO), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, Hindlll, Sstl, Sau3A, and EcoRl plus HindlU 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q3l;q32) juxtaposed a 



growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged iS'aM3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl, HindlU/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no, 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously.- the gene encoding hematopoietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene.'-'^ When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RNA of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64. Fig 
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T<5:14> CHROMOSOMAL TRANSLOCATION 

3A). The break in the IgH gene occurred 2 bp upstream of 
the Jh4 region. Between the two breaks. 25 bp of uncertain 
origin (putative N sequence) were inserted."'** No sequences 
homologous to the immunoglobulin heptamer and nonamer 
could be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q.^'' It has also been shown that 
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GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation." Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promoter, the IL-3 gene appeared 
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IVTCCTCCTTGACAAGATGAAGTGATACCGTTTAAGTAATCTTT 



5'AACGTCCTTGAAGACAAGCTGGGTTAAC 3' g^g 
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Fig 4. Diagram of the translocation. The normal chromosome 
5<|31 is shown with the GM-CSF gene telomeric to the IL-^ gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5:14)(f|31 :q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene." '* This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of thec-m>^c gene in some cases of 
Burkitt's lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-3 promotor element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 



the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor.^'-" 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the turner."-^* 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia.*^ 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation,'^'* This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi-. 
nation signal sequence (heptamer and nonamer) was found 
in this region^on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4). This 
is known to be within the range of enhancer activation." The 
interleukin-5 (IL-5) gene maps to chromosome 5q3I." 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation.^ These and other questions 
will be answered by the study of more patient samples: We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lympbokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Wlllman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion joined the IgH gene and the interieukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl'2, c-aW, and c-myc, that are located adjacent to the 
translocation.**^ It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation.^'* Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19> but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (lL-3) genes 
were joined by this abnormality.^ In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

Samples and Southern blots. Case 1 has been described.*** 
Clinical features of Case 2 have been described in detail.' DNA 
isolation and Southern blotting was done using previously described 
methods.* Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-B fragment, and an IL-3 
cDNAprobe." 

Northern blots. RN A isolation and Northern blotting have been 
described.' Briefly, Northern blots were done by separating 9/tg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNAprobc.'°-'2 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT). 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95*C for 1 minute, 61**C for 30 
seconds, and 72®C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 mL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCli, 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine scrum albumin (BSA) (fraction V), 
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actWity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-S 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the iL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1 .5 nmiol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk. CT)." 

S equencing. Sequencing was done by chain termination in M 1 3 
vectors.'* As part of this study, we sequenced a subclone of a normal 
IL-3 promotor, covering 598 bas^^pairs.from a Sma I site at position 
- 1240 (withTespect to the proposed site of traiisaiption initiation) 
to an Nhe I site at position - 642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells, A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector.*** Briefly, the HinAWl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUCl8.* The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFl bioassay, TF-1 cells were passaged in RPMl 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 nmiol 
L-glutamine, and 1 ng/mL human GM-CSF.'^ Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 ^L volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-wcll microtiter 
plate. Rat anti-cytokinc monoclonal antibody in a volume of 25 ^L 
was added to appropriate wells and preincubated for 1 hour at 37*'C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cellvconcentration-of 1 x 10* cells per well (final 
volume^ 100 nh). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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Fig 1. Breakpoint sequences for Case 2. The germline IgJhS region sequence (protein coding region and recombination sional 
sequences are underlined) is on top. the translocation sequence from Case 2 (PCR primer sequences and putative N region are undorUned) 
is in the middle, end the germiine iL-3 sequence, which we derived from a normal lt-3 clone, is on the bottom.' + indicates that eacii 
sequence has the same nucleotide. The sequence documents the head-to-head Joining of the IL-3 and IgH genes The breakBoint in ♦k-* ii o 
gene occurred at posftlon -934 {•). » » • ^^mmxneiL3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, M enlo Park, CA) set at 570 and 650 nm.'* 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 ftg/mh) to coat the wells of a PVC 
microtiter plate. The capture antibodies used wcrc-BVD3-6G8, 
JES1.39D10, and BVD2-23B6, for the IL-3, IL-5. and GM-CSF" 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NlP)-dcrivalized rat 
monoclonal antibodies JESl 5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labclcd goat anti-mouse Ig for IL-3, or HRP-labcled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bi5-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the /findlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). Wheir reprobed 
with either of two different IL-3 probes, a rearranged 14 kb 



#2 



#1 



PP 



fragment, comigrating with the rearranged Jh fragment, was 
identified. Whea leukemic DNA was digested with HindlU 
plus EcoKh a rearranged Jh fragment was detected at 6 kb. 
The IL-3 prob;^ also identified a comigrating fragment of 
- this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL.3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PCR) was used to clone the translocation.'^ 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product. Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp, 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promotor of 
the IL-3 gene in a head-to-head configuration (Fig I). 
Sequence analysis indicated that the breakpoint on chromo- 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene. 
We also determined that a putative N sequence of 17 bp was 
inserted between the chromosome 5 and chromc^ome 14 
sequences during the translocation event.''-'* Figure 2 shows 



JJ-J, 
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Fig 2. Relationship of chromosome 5 breakpoints to the IL-3 gene. This figure shows the two cloned breakpointo iarrows) in relation t 
the normal IL-3 gene.«'** One breakpoint occurred at position -462 and the other at -934 (arrows). In both circumstances th 
translocations resulted in a head-to-head Joining of the IgH gene and the IL-3 gene, leaving the mRNA an^ protein coding regions of the JL a 
gene intact. Boxes denote the five IL-3 exons; restrtetion enzymes are IB) fiamHI. <P) Pst I, (H) Hpa I (E) feoRL and XX) Xhol 



IL-3 ACTIVATION BY CHROMOSOME TRANSLOCATION IN AU 



287 



345 6789 10 




18S- 
I.Okb-^ 



-28S 



-18S 



Fig 3. Documentation of IU3 mRNA over-expression. A Northern blot was pre|>ared end hybridized with a probe for IL-3. Lane 1 
contained RNA from unstimulated peripheral blood lymphocytes (PBL) as a negative control. Lane 2 contained RNA from PBL stimulated for 
4 hours with concanavalian A (ConA), and lane 3 contained RNA from PBL stimulated with ConA for 48 hours. As In the posithre contrpf 
lanes (2 and 3), a 1 kb band was identified in the leukemic sample from Case 1 (lane 4, k>wer arrowK suggesting aberrant expression of the 
tL-3 gene. In addition, the leukemic sample showed over-expression of an unspliced 2.9 kb IL-3 -transcript (lane A, upper arrow). We 
dc»?umented that this represented an unspliced precursor of. the mature 1 kb transcript by shoving that this band hybridized to atlrobe 
from intron 2 of the IL-3 gene. A simitar 2.9 kb band was detect^ {rii^ife 2« suggesting that an IL-3 mRNA of this size is sometimes 
detectable in normal mitogen-stimulated celts. Lane 5 through 10 represent RNA from six samples of B-lineage acute lymphocytic leukemia 
without the t(5;14) translocation, indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be 
analyzed by Northern blot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos? cell line. Cell supematants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
'Cdata"fi6t shown). Furthcfmore, the biologic activity coutd be 
blocked by an antibody to human IL-3 {BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown).*'-^^ 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
I). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we coniimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
eithei;,sp.ti-IL-5 or anti-GM-CSF was consistent with41^pri 
inability to measure these factors by immunoassay .and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 

Sample Data 





11/15/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells/^) 








WBC 


81^00 


116^00 


12,300 


Lymphobtasts 


0 


33.786 


0 


Eosinophils 


46.626 


73,080 


615 


Serum growth factor levels (pg/mL) 








IL-3 


' <444 


7,995 


1,051 


GM-CSF 


<15 


<15 


<15 


IL-5 


<50 


<50 


<50 



Peripheral blood counts from Case 2 at three (fifferent time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden.^ No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC. white blood cells. 
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Reciprocal Dilution 



Fig 4. Bioassay of serum IL-3. Leukemic patient sera were tested for bioactive IL-3 and IL-B in the TF-1 oroliferation a^v Th« 
rec.procal Of the dilution isin^^^^^ 

vertical ax.s. Serum from all three time points was assayed simultaneously. The assay was rendered monoti^SY^^n^ 
'ZZ'^'T ^ ^ JESl^l Ja): □ Indicates no M^STo^ 

mhlbrtion of proIrferiSon was evident In the presence^ anti^-3 antibodyrS^^umenting «erum levels of H.^ oT^se 4^ 
was not detected in this essay, es antl-IL-B did not alter TF-1 proliferation. » » ni leveis ot on those days-^enim IL-5 



indicated that these other myeloid growth factors were not 
dctectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PGR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is .t0je. 
In addition, neither GM-CSF nor IL-5 are ovcr-exprcs«;d by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia.^' The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti~IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived IL^.^irojlar interventions 
may improve this aspect of the disease. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 {HER-l/neu) Oncogene 

Timothy R Singleton and John G. Strickler 



The oncogene was first shown to have clinical significance in 1987 by 

Slamon et al,^ who reported that c-erfcB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-eriB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews. 3t.38»6S molecular biology of the c-erfcB-2 oncogene has been 
extensively reviewed^'-^*^ and will be discussed only briefly here. 



BACKGROUND 

The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga* 
tion. The neu (mcogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats.®''^^^^ The c- 
erbB'2 was a human gene discovered by its homology to the retroviral gene v- 
erbB.'^'^* '® HEA-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB,^ When the DNA sequences were determined subse- 
quently, c-erb3'2, /f£R-2, and neu were found to represent the same gene. 
Recently, the c-er&B-2 oncogene also has been referred to as NQL. 

The c-ifrfcB-2 DNA is located on human chromosome 17q21***^" and codes 
for c-erfcB-2 mRNA (4.6 kb), which translates c-erfcB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The c-erbB-l 
oncogene is homologous with, but not identical to, c-^rbB-1, which is located ] 
on chromosome 7 and codes for thccpidcrmal growth factor receptor.***^ The c- 
erfcB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
? ; ; kinase activity and an extracellular binding domain. ^'^'^ Electron microscopy 

. with a polyclonal antibody detects c-erbB-Z immunoreactivity on cytoplasmic 

' • membranes of neoplasms, especially on microvilli and the non*villous outer cell 

membrane,®' In normal cells, immunohistochemical reactivity for c-erfcB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
]-i . brush border. 

There is experimental evidence that c-crfoB-2 protein may be involved in 
; ■ the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 

.-^ protein can transform a ceU line jnto a malignant phenotype.^s Also, 

when the ncti otft^gene containing an activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
{ ) . develop multiple independent mammary adenocarcinomas.^**^ In other experi- 

\: ments, monoclonal antibodies against the neu protein inhibit the growth (in 

. \^ - nude mice) of a n<?fi-transformed cell line,^^ and immunization of mice with 

i J : neu protein protects them from subsequent tumor challenge with the neu- 

transformed cell line.^^ Some authors have speculated that the use of antago- 
'ti nists for the unknown ligand could be useful in future chemotherapy.^ Further 

review of this experimental evidence is beyond the scope of this article. 

The C'-eribB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c-erbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-eriB-2 activation 
at multiple sites in the same patient, although (yerbB-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor."'® '°^ 
I j Even more rarely, c-erfeB-2 DNA amplification has been detected in a primary 

! ) .! breast carcinoma but not in its lymph node metastasis.^ In patients who have 

1 1 bilateral breast neoplasms, both lesions have similar patterns of c-€rfcB-2 activa- 

i f '! tion, but only a few such cases have been studied. 

i \ ; MECHANISMS OF c^r6B-2 ACTIVATION 

I '} The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-crfcB-2 mBNA and 

l-}; protein. ^'^•^'"•^^ The c-erbB-Z amplification may stabilize the overproduction of 

ij I mRNA or protein through unknown mechanisms. Human breast carcinomas 

1 1 ; vkdth c-er6B-2 amplification contain 2 to 40 times more c-erfcB-2 DNA*** and 4 to 

: : : 128 times more c-crfcB-2 mRNA^'^ than found in normal tissue. Most human 
I J; breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-erfcB-2 
:| DNA. Tbraors with greater amplification tend to have greater overproduc- 

;| f tion."»52,«5 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfeB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of o-erfeB-2 activation is overproduc- 
tion of c-erbB-2 mRNA and protein without amplification of c-erbB-2 DNA.®^ 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. The c-erfoB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines.*^ 

Other rare mechanisms of c-erfcB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length -polyroorphisms^or incomplete restriction enzyme digestions 
that mimic tT^nslocations.^i*^^ ®*'*^'** A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea>'® The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Although there has been specula- 
tion that some of the amphfied c-erfcB-2 genes may contain point mutations,* 
none has been detected in primary human neoplasms. ''^'^-"^ 

TECHNIQUES FOR DETECTING c-erbB-2 ACTIVATION 
Detection of c-er5B-2 DNA Amplification 

Amplification of c-erfoB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-crfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfcB-2 DNA probe. In both tech- 
I niques, c-erfaB-2 amplification is quantified by comparing the intensity (mea- 

sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
' graded or diluted by DNA from stroma] cells.*' Second, the o-eriB-2 DNA 

probe must be carefully chosen and labeled. For example, oligonucleotide e- 
erfcB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
! 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; lished data). Third, the total amounts of DNA in the sample and control tissue 

' must be compensated for, often with a probe to an unamplified gene. Many 

studies have used control probes to genes on chromosome 17, the location of c- 
erhB'2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
I mosomes,*® "* with rare exception." Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionaUy in breast carcinomas.^ 

Amplification of c-erfeB-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study.^ Oligoprimers for the c-grfeB-2 gene 
and a control gene are added to the sample's DNA, and PGR is performed. If 
the sample contains more copies of c-erfeB-2 DNA than of the control gene, the 
c-6rfcB-2 DNA is replicated preferentially. 

Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-crfoB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. 9oth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PGR foiiidetection of c-crSB-2'lnRNA has been described in ^ two recent 
abslracts.***^^ 

Overproduction of c-erbB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass sbdes, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used.^ *-^^ Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-6rfcB-2 mRNA overproduction in routinely processed tis-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-erfoB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-erfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. ^ " - ' 

Detection of o-eri>B-2 Protein Overproduction 

The most accurate methods for detecting c-erhB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-er/7B-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er6B-2. In immunoprecipitation studies, antibodies against c-erfeB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-erfcB-2 protein. 
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Overproduction of c-«rfeB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting \ 
results, which are explained at least partially by three factors. First, various j 
studies have used different polyclonal and monoclonal antibodies. Because j 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 ( 
protein band on Western blot or immunoprecipitation, the results of these | 
studies should be interpreted with caution.*^^*^'*^ Even some monoclonal ahti- \ 
bodies immunoprecipitate protein bands in addition to c-erfcB-2 (pl85).3«>'59.86 f 
Second, tissue fixation contributes to variability between studies. For example, f 
some antibodies detect c-erfeB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general^ formahn fixation diminishes the sensitivity of 
immimohistochemical methods and decreases the mmiber of reactive cells.®**^* 
When .BMin^ fixative isnreedv ther^ may be a higher ^'percenta^e of positive 
cases.** Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinc*t crisp 
cytoplasmic membrane staining is diagnostic for c-er&B-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose c^erfcB-2 protein overproduction varies from study to study and firom 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixaticm or freezing.** ; 

ACTIVATION OF c-ert)B-2 IN BREAST LESIONS \ 
Incidence of c-erbB-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DN A was found I 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (Table 1), and j 
c-erfoB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
' eriB-2 mRN A or protein overproduction in 15 peircent (88 of 604) of carcinomas 
that lacked c-erbB'2 DNA amplification. 

The incidence of c-crfeB^2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87). Paget*s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent. 5 of 23). In contrast, c-erfeB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micTopapillary type of ductal carcinoma in situ also tends to have 
c-erfeB-2 activation,*" " ** especially if larger cells are present. The greater fi^ 
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quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with , infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, wliich show c-erbB-2 activation infrequendy. Others have speculated 
that carcinoma in sitii with activation tends to regress or to lose c- 

erbB-2 activation during progression to invasion, Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erbB-2 activation,"-^ although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ carci- 
noma, ^-^^.m Activation of c-eriB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erbB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
. but may incltide 'mother areas of carcinoma ""in situ;*^^|*^ Overproduction of c- 
erbB'2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. ®8 

Activation of c-crfoB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfcB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. ^^-^^.s* normal breast tissue, c-er6B-2 DNA is 
diploid, and c-erfeB-2 is expressed at lower levels than in activated tumors. ® 

These preliminary data suggest that c-erfeB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-6rbB*2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-er&B-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-cr&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-crfeB-2, are unlikely to be mistaken for those of benign lesions. Activation of 

JABLE 2. c-erbB*2 ACTIVATION IN BENIGN HUWKU BREAST LESIONS 





e^rbB-2 DNA 


c-efbB-2 mRNA 


o«rt>B-2 Protein 


Histological Diagnosis 


AmpllfICBtlon> 


Overproduction 


Overproduction 


Fibroc/stic disease 


0/1093 




0/32ro0/9M0/8M 


Atypical ductal hyperplasia 






2(weak)/21 « 
1(cyfoplasmic}/13» 


Benign ductal hyperplasia 






0/123" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16.«0/6w 
0/2,21 0/1»^ 


0/6*0/33* 


0/21. 3» 0/1 0« 
0/8.W0/3** 


Radial scars 






0/223* 


Blunt duct adenosis 






0/14» 


"Breast mastosis" 




0/3« 





*Shown as number ot cases witn activation/number of cases studied; reterence Is given as a superscript 
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c-6rbB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular-cardnoma. Further studies »f these issues would be useful. 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-er{»B-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-erbB-2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c-er6B-2 activation.*'' 



Correraiidri of c-erbB-2 Acth/ation With Clinical Prognostic Factors 

Various studies have attempted also to correlate activation with clinical 

features that may predict a poor outcome (Table 4). Activation of c-erbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erfcB-2 activation, and, in the rest of the reports, c- 
crtB-2 activation was associated with either younger or older ages. 



Correlation of c-erbB*2 Activation With Patient Outcome 

Slamon et al^*^^ first showed that ampUfication of the c-er2>B*2 oncogene inde* 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-^r&B-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erfcB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. ''^ ^^ 

A large number of subsequent studies also attempted to correlate c^rl^B-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-6r^B-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-er6B-2 activation was reported to be 
independent of other prognbstic fict6fs. In contrast, 18 series did not confirm 
the correlation of c-erfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erfcB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
G-erfcB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfeB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5, CORRELATION OF c^rbM ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 

Number of Patterns 

VWffi 

Type of Metasfasf/s fo 

c-erbB-2 Axttfary No Statistical 





Activation^ 


Total 


Lvmoh ModfiA Mefasfasls 






<0.05 


DNA 


176 




M 


87 


<0.05 


DMA 


61 




U 


60 


<0.05 


DNA 


57 




U 


65 


<0.05 


DNA 


41 




U 


93 


<0.05 


mRNA 


62 




u 


65 


<0.05 - 


Protein 


102 


' ( 


M 


101 


<0.05 


DNA 




345 


M 


01 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


U 


87 


<0.05 


DNA 




86 


M 


79 


<0.05 


Protein- WB 




350 


M 


65 


<0.05 


Protein 




62 44 


U 


101 


0.05-0.15 


DNA 


57 




U 


111 


0.05-0.15 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


U 


66 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0.16 


Protein 




137 


u 


17 


>0.15 


DNA 




181 


fA 


61 


>0.15 


DNA 


.. —V... 


159 


U 


17 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proleln-WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



•The ondpolnis of Ihese studies were tumor recurrence or decnoasad «urvlva) or both. Correlation between c- 
erbB-z activation and a poorer patient outcome is stallstlcally significant at <0.05, is of equivocal significance 
al O.OS to 0.1 6. and is not significant at >o;i 6. 

^Shown as variable measured. Letters 'Vi/B" indicate assay by Western btot; the other protein studies used 
tmmunohistochemlcal methods. 

= muKfvariata statistical analysis; U = univariate statistical analysis. 
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TABLE 6. PERCEIiTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF o^frB-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70- 



60- 



60' 



40' 



71 (DNA)» 



61 (DNA)» 

69 (DNA)«' 
58(Proteln)«i 



64(DNAV'* 



42(Pfotein)92 



P<0.05 



+ 



0.05<P<0.15 



64 (mRNA)» 
61(0NA)^ 



68(DNA)*» 
57 (DNA)'« 
55(ProtelnjM 

4e(Proleln)'^ 
46(Protein)tt 



P>0:15 



P tor correlaUon of c-ef6B-2 activation with patient outcome. 

Each stud/s percentage of breast carcinomas wHh metastasis '» comparod with the correlation between o- 
ert>B-2 activation and outcome. These data include only those studies that considered, as one group, all breast 
cancer patterns, whether or not they had axHIaiy metastasis. Superscripts are Uw reterenoes. In parentheses 
are the types ol o^r6B-2 acUvation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-erbB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of o- 
erfcB-2;activation in ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erbB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. Two recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-crfcB-2 overexpression predicted early 
recurrence.23.67 patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-€r&B-2 activation.*® 

A fourth problem is the laclc of data regarding whether the prognosis 
correlates better with c-erbB-2 DNA amplificaHon or with mRNA or protein 
overproduction. Most studies that find a correlation between c-erfeE^2 activa- 
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tion and poor patient outcome measure c-^r6B-2 DNA amplification (Table 5), 
and breast carcinoma patients with greater amplification of c-erfcB-2 may have 
poorer sumval.'^ ^i Recent studies suggest that amplification has more prognos- 
tic power than overproduction,"*>.35 but the clinical significance of 
overproduction without DNA amplification deserves further research. 17-52 Yew 
studies have attempted to correlate patient outcome with c-eriB-2 mRNA 
overproduction, and many studies of c-er&B-2 protein overproduction use rela- 
tively less reliable metliods such as immunohistocfaemical studies with poly- 
clonal antibodies. 

Comparison Of c-erftB-2 Activation With Other Oncogenes in 
Breast Carcinoma 

Other oncogenes that may have prognostic implications in human breast cancer 
are reviewed elsewhere J^ ^w Tliis section will be restricted to a comparison 
between the clinical relevance of c-er6B-2 and these other oncogenes. 

Hie c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-erfcB-2 activation. 
One study found a correlation between increased mRNAs of c-erfeB-2 and c- 
myc, although other reports have not confirmed this.^»*» Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erfoB-2. 

The gene c-erfeB-1 for the epidermal growth (actor receptor (EGFR) is 
homologous with c-erbB'2 but is infrequently amplified in breast carcinomas.'' 
Overproduction of EGFR, however, occurs more firequendy than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
eriB-2 and EGFR in the same tumor, c-erfeB-2 has a stronger correlation with 
poor prognostic fectors.^ '^a Studies have tended to show no correlation between 
amplification of c-erfcB-2 and c-erbB-1 or overproduction of c-erfcB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of 
protein.51 Recent reviews describe EGFR in breast carcinoma, «.ioo 

The genes c-erbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are?: located adjacent to c-erfcB-2 on chromosome 17. These genes 
are frequently coamplified with c-erfcB-2 in breast carcinomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. Amplification of c-6rfoB-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfeB-2 and ear-1 amplification." Consequendy, 
c-erfcB-2 amplification seems to be more important than amphfication oic^erbA 
or ear-1. 

Other genes also have been compared with c-erfcB-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erbB- 
2 mRNA and increased mRNAs of /os, platelet*derived growth factor chain A, 
and Ki-rasJ^ Allelic deletion of c-Ha-roA- may indicate a poorer prognosis in 
breast carcinoma, but it has not been compared with c-crfcB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several onoogenes.*^'"^ 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidenco of c-erbB-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which c-erb6-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF o^B-2 mRNA OR o-efbB-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c^rbB«2 
mRNA 



Tissues Producing 
c-efbB-2 Protein' 



Tissues Laddng 
c^rbB-2mRNA 



Tissues Lacking 
c-efdB*2 Protein 



Sklnz* 



Stomach** 

Jejunum*^ 

Colon" 

Kidney"* 



Uvera* 



Lung»* 



Fetal brain« 

Thyroid^ 
Uterus^* 



Placenta^ 



Eplde^mlsw 
External root sheath^ 
Eccrtne sweat gland^ 
Fetal oral mucosa^ 
Fetal esophagus^ 
Stomachal 
Fetal Intestine^* 
Small Intestine^*®* 

Fetal kidney«- 

Fetal proximal tubule'^ 
Distal tubule^ 
Fetal collecting duct^ 
Fetal renal pelvis" 
Fetal ureter« 
Hepatocytes^ 
Pancreatic aclni>> 
Pancreatic ducte*^ 
Endocrine cells of Islets 
of Langerhans^ 

Fetal^trachea®.. 
Fetal bronchioles"^ 
Bronchioles^ 



Fetal ganglion cells^ 



Ovary" 

Bloodvessels*^ 



KWneys'M 



Postnatal oral mucosa*^ 
Postnatal esophagus^^ 



Qlorrienjius** 

Postnatal Bowman's capsule^ 
Postnatal proximal tubule^ 

Postnatal collecting duct^ 
Postnatal renal pelvis^ 
Postnatal fetal ureter^ 
Uver«w» 



Pancreatic islets'^ 

Postnatal trachea^^ 
PosTnatal bronchioles^' 

Postnatal aiveoli^ 
Postnatal braln« 
Postnatal ganglion cetls^ 



Endothelium" 

Adrenocortical cells«2 
Postnatal thymus«2 
Rbrobla5ts«2 
Smooth muscle cells^ 
Cardiao muscle cells^ 



^is protein study used Western bk>ts; (he rest used Immunohistoehemical m6ti>od8. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies/ however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. Production of c-erfeB-2 has been identified in normal 
epithelium of the gastrointestinal tract and sldn. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erbB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistoehemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression ..of other genes,^,although this has not 
been documented for c-^rfcB-2. ' " 

Activation of c-erfeB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract*^ stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial mahgnancies. Another report®* showed that 12 percent of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

Activation of c-erfcB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 

TABLE S. ACTIVATION IN HUMAN GYNECOLOGIC TUMORS- 



Tumor Type 



o^fbB-2DNA 
Amplification 



e-ef6B-2 &«fbB-2 
mRNA Protein 
Over- Over^ 

production production 



Ovary^arcinoma. not othenvlse 
specHied 



31/120" 1/115 

2/7."o 1/7,'tz0/6« 
0/3110 

1/2.M0 0/1T2 

O/2/«0/1^ 
0/Zn 

0/172 

0/3^ 

0/472 

0/2" 
0/1 w 
0/172 

0/4 « 0/1 ^'0 



23/67" 



23/73,« 
36/72»i 



Ovary— serous (paplllafy) carcinoma 
Ovary — endbmeWoid carcinoma 
Ovary— mucinous carcinoma 
Ovary— clear cell carcinoma 
Ovary— mbced epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary — mucinous borderline tumor 
Ovary — serous cystadenoma 
Ovary— mucinous cystadenoma 
Ovary— sclerosing stromal tunwr 
Ovary— fibrothecoma 
Uterus — endometrial adenocarcinoma 



'Shown as number of cases with ampiincation (or overproductionVtotal number of cases studied; reference is 
given as superscript All protein studies used ImmunoWstocliemlcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-erfcB^2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional iinmunohistochemical 
study detected c-er&B-2 protein in seven of eight tissues fixed in Bouin s solu- 
tion. One study found greater immunohistochemical reactivity for c-eriB.2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfeB-.2 protein.22 Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted widi antibodies against o-grfeB-2 in one study, but 
some of these "positive" cases showed only difiuse cytoplasmic staining, which 

TABLE 9, c4fDB-2 ACTIVATION IN HUMAN QASTHOIMTESTlW^'^MORS^ 

C'«rfiB-2 
Protein 



Tumor Type 


e-eftD-2 DNA 
Amplification 


Over- 
production 


Esophagus— squamous cell carcinoma 


(VI iw 


0/1 w 


Stomach— carcinoma, poorly differentiated 






Stomach — adenocarcinoma 


2/24 « 2/9,^07 2/8,111 


4/27»3/10«* 




2/8," 0/1 '~ 




Stomach — carcinoma, intestinal or tubular type 


5/10i« 


16/54» 


Stomach— carcinoma; diffuse or signet ring cell type 


Q/210S 


4/45» 


Colorectum— carcinoma 


2/49 w 1/45,"* 


1/22,"7/8«» 




1/45,*^ 1/45,*' 






0/4O«0/32.W0/3« 




Coton— villous adenoma 


0/1M 




Colon— tubutovillous adenoma 






Colon — tubular ^enoma 




19/1 ©416 


Colon— hyperplastic polyp 


0/1M 




Intestine— leiomyosarcoma 




0/1W 


Hepatocellular carcinoma 


0/12"» 


12/14 K 0/2** 


Hepatoblastoma 






Cholanglocardnoma 




46/63« 


Pancreas — adenocarcinoma 




2/80,^^«0/2e^ 


Pancreas— acinar carcinoma 




0/1 « 


Pancreas— dear cell carcinoma 




0/2*^ 


Pancreas— large cell carcinoma 






Pancreas— signet ring carcinoma 




0/141 


Pancreas— chronic Inflammation 




0/1441C 



•Shown as number of cases with amplification (or overproductlon)/lotal number of cases studied; reference is 
given as superscript /VII protein studies used Immunohistochemical methods. No studies analyzed for o-e/6B- 
2 mBNA- 

^Tlssues fixed in Bou)n's solution. 

*OnV cases with distinct membrane staining are Interpreted as showing overproduction, 
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TABLE 10, oerfeM ACTIVATION IN HUMAN PULMONARY TUMORS^ 









Tumor Type 


o^B-2DNA 


Protein 


Amplification 


Overproduction 


Non-small cell carcinoma 


2/e0.«0/60»i 


1/84» 


Epidermoid carcinoma 


0/13 « 0/1 0,57 o/6» 


3/6" 


Adenocarcinoma 


0/21 « 1/13»0/7."< Or?,^ 0/3«" 


4/12« 


Large eel) carcinoma 


0/9 K 0/6» 




Small cell carcinoma 




0/26 « a/3» 


Carcinoid tumor 


0/1 « 


0/3" 



•Shown as number of oases with amplifioation (or overproductionVtotal number of cases stucfied; reference Is 
given as supeiscrtpt Ail protein studies used Immunphlstochemlcal methods. No studies analyzed tor c-eiAB- 



does not indicate c-crfcB-2 activation in breast neoplasms,^ Also, some pancre- 
atic carcinoma5 and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for c-erfcB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell rnembrane staining. « 

Tables 10 through 14 summarize the studies of c-erfeB-2 activation in other 
neoplasms. The c-erfeB-2 oncogene is not activated in most of these tumors! 
Activation of c-erbB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report^ 
found c.eriB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-erfeB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-er&B-2 protein was described in one tran.sitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-erbh-2 protein, but it is not clear 



12/U»/2UU;) 17: 17 t'AJL 310 20» 5971 

o 



TABLE 11, c-eii>B>2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS' 







c-ertB-2 


c-erbB-2 






mRNA 


Protein 




c^6B*2DNA 


Over- 


Over- 


TonwrType 


Amplification 


production 


production 


Hematologic malignancies 


0/23111 






Malignant lymphoma 


a/9,"0/3«» 


OfV 


0/15« 


Acute leuicemfa 


0/1457 






Acute lymphoblastic leukemia 


0/1 






Acute myeloblastic leukemia 








Chronic leukemia 


0/185T 






Chronic lymphocytic leukemia 


0/6<«7 






Chronic myelogenous leukemia 








Myeloproliferative disorder 


0/157 







•Shown as numbsr of cases with ampliflcatton (or overproductlonVtotal number of cases studied; reference ie 
\ : 9iven as superscript. All protein studies used Immunohtetochemtea} methods. 
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TABLE 12, i>€r6B-2ACTlVA-nON IN HUMAN TUMORS OF SOFT TISSUE AND BONE' 





c«bB-2 ONA 


Tumor Type 


Amplification 


Sarcoma 


0/lO,"»0/8w 


Malignant fibrous histiocytoma 


0/VO7 


Liposarcoma 




Pteomorphtc sarcoma 


0/1107 


RhaKxfomyosarcoma 


0/1 107 


Osteogenic sarc»ma 


0/2.'«^0/25T 


Chondrosarcoma 


0/1107 


Ewing's sarcoma 


Q/IW 


Schwannoma 





■Shown as number of cases vrith amplification (or overpraduetionVlolat number of cases studied; reference is 
given as supeiscript No studies analyzed for c>0fOB*2 mRNA or oerbB-Z protein. 



whether the protein level is increased over that of normal sldn.3« Thyroid 
carcinomas and adenomas can have low levels of increased c-erfcB-2 mRNA. 
One abstract, described low-level c^rbB-Z DNA amplification in one of ten 
salivary gland pleomorphic adenomas.^ 

Correlation of c-erl)B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-crfcB-2 activation in non- 
mammary tumors with outcome. Slamon et al»' showed that c-erbB-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade, One abstract stated diat c»€riB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval Another abstract described a tendency for immunohisto- 

TABLE 13. C-€fbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT- 



Tumor Type 

Kidney— renal cell carcinoma 
Wilms' tumor 

Prostate— adenocarcinoma 
Urinary bladder — carcinoma 

•Shown as number of cases with amplificaiion (or ovofproduclion)/lotal number of cases studied: reference ts 
given as superscript. All protein studiea used Immunot^istochefnical methods. 



«rdB'2 <^«rbB-2 

mRNA Protein 

c-erbB'2 ONA Over* Over- 

Amptlllcaiion production p roduction 

1/5,67 1/4, wro^M O/16104 

— — 0/23M 

— — 1/46» 
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TABLE 14. c^fbB-2 ACTIVATION IN MISCELUNEOilS HUMAN TUMORS> 









c-erbB>2 








Protein 


Tumor Type . 


UrIA 


e-erDB-2 mRNA 


Over- 


Amplification 


Ovenfiodiietlfm 


prvwuciion 


oKin^maJignant melanoma 






0/10* . 


Skin, head and nock — squamous 








eel) carcinoma 








S«e not stated— squamous cell 


0/8." 0/2^ 






carcinoma 






Salivary gland— adenocarcinoma 


1/1» 






Parotid gland— adenoid cyslic 






0/1" 


carcinoma 






ThyroW— anaplastic carcinoma 


0/1« 


^/V ' 




Thyroid— papillary caicinoma 


0/5' 


3(tow levels)/5t 




Thyroid — adenocarcinoma 


0/1« 






Thyroid— adenoma 


0/2^ 


1(k)wlevel8)/2i 




Neuroblastoma 


0/35«0/9.«'0/1« 






Meningioma 


0/2» 







•Shewn as number of cases wfth ampKHcatkm (or ovorprodudtonytotal rwrnber of cases studied: reference Is 
given as superscript. All protein studies used Immunohbtochemlcal methods. 



chemical reactivity for c-eriB-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma. 9^ Additional prognostic studies of ovarian carcinomas aiid 
other neoplasms are needed. 



SUMMARY 

AcUvation of the c-er6B-2 oncogene can occur by amplification of c-erfcB-2 
DNA and by overproduction of c-er6B.2 mRNA and WtB-2 pix)tein. Approxi- 
mately 20 percent of breast carcinomas^ow evidence of c-erfeB<2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph liodes. Studies that have attempted to correlate c-0r&B-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. The pathologic and clinical significance of c-erfeB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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and Ashkenazi. A. Mdlecular and biological properties of an interleukin-l 
recq)tor inununoadhesin. Mo/. /iwmu/id/. 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, S., Peroutka, S., and AshkeAazi. A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling. J. Neurochem. 64, 1440- 
1447(1995). 

35. Bach, E., Szabo, S., Dighe, A., Ashkenazi. A.. Aguet, Ml, Murphy, K., and 
Schreiiber, R. Ligand-induced autoregulation of IFN-y rec^tor p chain expression 
in T helper ceU subsets. ^We/ice 270, 1215-121 8 (1995). 

36. Jin, H., Yang, R., Marsters, S., Ashkenazi. A.. Bunting, S,, Marra, M., Scott, R., 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. J. Clin. InvesL 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schrdber, R., and Ashkenazi. A. Interferon y 
= signals via a hi^^aifinity multisubunit receptor-complex that contains two types 

of polypeptide chain. Proc. Natl. Acad. Set. USA. 92, 5401-5405 (1995). 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, G., GaUati, H., Schiller, C., Richter, W., 
Loetcher, H., Ashkenazi. A .. Chamow, S., Wurm, F., Calvanp, S., Lowiy, S,, and 
Lesslauer, W. Protection against lethal E. coli bacteremia in baboons by 
pretiieatment with a 55rkDa TNF receptor-Ig fosion proteini Ro45-208 1. J. 
/mmu/io/. 156, 2221-2230 (1996). 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C:, Moore, A., and Ashkenazi. A . 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271, 12687-12690 (1996). 
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40. Marsters, S„ Pitti, R., Donahue, C, Rupert, S., Bauer, K.. and Ashkenazi. A . 
Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CnnA. Cwrr. Biol 6, 1669-1676 (1996). 

41. Marsters, S./Skubatch, M., Gray, C, and Ashkenazi, A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R., Gumey, A., Skubatch,M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K:, Wood, W.I., Goddiard, A., Godowski, P., and 
Ashkenazi. A. Control of TRACL-induced apoptosis by a family of signaling iand 
decoy receptors. 5c/e/2ce 277, 818-821 (1997). 

43. Marsters, S., Sh<eridan, j.TlPitti, R., Gumey, A., Skubatch, M., Balswin, D,, Huang, A., 
Yuain. J., Goddard. A., Godowski, P.. and Ashkenazi. A. A novel receptor for 
Apo2I/rRA[L contains a truncated death domain. Curr. Biol 7, 1003-1006 (i997). 

44. Marsters, A., Sheridan, J., Pitti, R., Brush, J., Goddard. Al. and Ashkcaiazi^ A. 
Identification of a ligand for the deatti-domain-containing recqjtor ApQ3. Curr. Biol 
8,525-528(1998). 

45. Rieger, J., Naumann, U.^ Glaser, T., Ashkenazi, A ., and Weller, M. Apo2 ligand: 
a novel weapon against malignant glioma? FEBS Lett. 427, 124-128 (1998). 

46. Pender, S., Fell, J.^ Chamow, S., Ashkenazi, A „ and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. J. Immunol 160, 4098-4103 (1998). 

47. Pitti, R., Marsters, S., Lawrence, D., Roy, Kischkel, R, M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, &\ Baldwin, D., Godowski;, P., WoddTW.VGuriSey, A., 
Hillan, K., Cohen, R., Goddard, A., Botstein, D,, and Ashkenazi. A. Genomic ' 
amplification of a decoy receptor for Fas ligand in limg and colon cancer. Nature 
396,699-703(1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actmomycin D. J. Immunol 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R., Mark, M:, Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S:, Schow, P., Goddard, A-, Wood, W., Baker, K., 
Godowski, P., and Ashkenazi, A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a hirnian orthoiog of mouse GITR. Curr. 
fl/o/. 9, 215-218 (1999). 
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50. Ashkenazi, A „ Pai^ R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C., Chiang, L., McMuitrey, A., Hebert, A., DeForge, L., Khoumenis, L, Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall,' R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand, J. Clin/Invest. 104, 155- 
162(1999). 

51. Chimtharapaii A., Gibbs, V., Lu, J., Ow, A;, Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K. J. Detennination of residues involved in ligand binding and signal 
transmissiion in the human IFN-a receptor 2. ImmunoL,163y 766-773 (1999). 

52. Johnsen, A.-C., Haux, J., Steinkjer, B., Nonstad; U., Egeberg, K., Sundan, A., 
Ashkenazi, A., and Espevik, T, Regulation of App2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 1 1 , 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naimiann, U., Kugler, S., Bahr, M., Di 
Ashkignazi, A., and Weller. M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). , 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connelli M., Kelley, 
R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cdl Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G,, O'Connel, M.P., Utsch, M.H., Hurst, A,, Totpal, K., Ashkenazi, 
A., de Vos, A.M., Kelley, R.F. A imique zinc-binding site revealed by a high- 
resolution X-ray structure of homdtrimeric Apo2LyTRAIL. Biochemistry 39, 633- 
640(2000). » ' - -^^.^ — - 

56. : Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 

Ashkehazi. A., and Steeg> P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpriessing cyclin Dl. Cancer Res. 60, 261 1-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J., and 
Ashkenazi, A. App2L/lRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., iMarsters, S.A., Grewal, I.S., Wang, H., ♦ Ashkenazi. A., and *Dixit, 
V,M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol \, 37-41 (2000)* 
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59. Marsters, S. A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, YM., and Ashkenazi. A. 
Interaction of the Thn? homologues BLyS and APRE^ wiUi the TM? ree^^ 
homologues BCMA and TACI. C«/r. 5/0/. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi. A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Bidtechniques 29, 506-512 (2000). 

61. Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan^ K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S;, 
Fox, J., Thomas, D., and Ashkenazi. A; Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med 7, 3S3-3S5 {2(X>1). 

62. ehunlharapai, A.,Dodge, K., Gnihmer,KL, Schroeder,K.,Martsters,S.A^ 
Koeppen. H.. Ashkenazi. A ., and Kim. K.J. Isotype-dependent inhibition of 

. tumor growth in vivo by monoclonal antibodies to death recq>tor 4. J. Immunol. 
166,4891-4898(2001). 

63. Pollack. I.F.. Erff, M.. and Ashkenaizi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res,. 7, 1 362-1369 
(2001). 

64. Wang, H., Marsters, S. A., Baker, T., Chan, B„ Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., *AshkenazLA., and *Grewal, I.S. TACI-ligahd interactions are 
required for. T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-631 (2001). 

* 65. KischkeV F.C., Lawrence; 'D.- A., Tine], A., Virmani, A.,^ehow, P., Gazdar^ A., - 
Blenis, J., Amott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. . 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E„ totpal, K., Morlan, J,, Schow, P., 
Fong. S.. Schwall R.. Sinicropi. P.. and Ashkenazi. A t umor cell resistance to 
death receptor induced qK>ptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax.Ara tore A/erf. 8, 274-281 (2602). 

67. Miller, K., Meng, G., Liu, J., Hurst, A.. Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., iSherwood, S., DeForge, L, Gaudreault, Keller, G., Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
rnultivalent antibodies. J. Immunol. 170, 4854-4861 (2003); 
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68^ . Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H:, Lawrence, D., Olsson, C., 
Tom, L., Erickson, S., French, D., Schpw, P., Grewal, L and AshkenazL A. 
Iihmiine system development in APRIL knockout mice. Submitted; 

Review articles: ' 

1 . Ashkenazi. A.. Peralta, E., Winslow, L, Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII,\ 263-272 (1 988). , 

2. Ashkenazi. A .. Peralta, E., Winslow, L, Ramachandran, J., and Capon, D. . 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol ScL Dec Supplement, 12-21 (i989), 

3. Chamow, S., Duliege, A., Anmiann,"A., Kahn, J., Allen, D., Ejchberg, J., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 iimnimoadhesins in anti-HIV 

. therapy: new developments. Int. J. Cancer Suppleijient 7, 69-72 (1992). 

4. Ashkenazi. A .v Capon, and D. Ward, R. Iinmunoadhesin$. Int. Rev. Immunol 10, 
217-225 (1?93). 

5. Ashkenazi, A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz; S. B.. Means, R. T., Jr.. Lina, J., Marsters, S. A., and Ashkenazi. A . 
Inhibition of erythroid colony formation in vitro by ganuna interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R, Shadduck, A. Levine F. 
Takaku, eds.) hitercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cj^okine neutralization as a potential therapeutic ^proach for 
SIRS and shock. J. Biotechnhlagy in Healthcare 1, 197-206 (1994). 

8; : Ashkenazi;A .. and Chamow, S. M. Immunoadhesins: an alternative to human . 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8,104-115 (1995). 

9. Chamow. S.. and Ashkenazi. A . Immunoadhesins: Principles and AppUcations: 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi, A ., and Chamow. S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (1997). — 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation^ Science 
281,1305-1308(1998). 

12. Ashkenazi. A .> and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr. ppin. Cell Biol 11, 255-260 (1999). 
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13. Ashkenazi. A . Chapters on Apo2L/TRAIL; DR4, bR5, DcRl, DcR2; and pcRS. 
Online iCvtokine Handbook (www.apnetcom/cvtoldnereferenceA . 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. JVii/iire Rev. Cancer 2, 420-430 (2002).. 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2^^ 

16. Ahndismy A. and Ashkenazi, A . Ap62I/rRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 1 4, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chainow, S., and Ashkenazi, A ., eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary IHV isolates to CD4 is indq)endent of CD4-gpl20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of inununo-hybrids to extend the half-life of receptors. IBC. conference on 
Biopharmac^utical Halflife Extension. New Orleans, LA, June 1992. 

3. Results Avith TNF receptor Immunoadhesins for the Treatment of Sq)sis. IBC 
conference on EHdotoxemia and ^episis. Hiiladelphia, PA,'Jun©4992. 

4. Immunoadhesins: an altemiELtive to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA^ May 1993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar,CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immimologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1 996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis mi tumor [ 
cells. Cambridge Symposium on TNF arid Related Cytokines in Treatmierit of 
Cancer Hilton-Head, NC, March 1996. 

1 0. Induction of apoptosis by App2 Ligand, American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

11. Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligarid and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996, 

13. Apo-3: anovel receptor that regulates cell death and inflanmiation. 4th 
intemational Congress on Immune Consequences of trauma. Shock, and Sepsis, 
Muiiich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997, 

15. Inununoadhesins: an alternative to monoclonal antibodies: 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

1 6. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposiimi on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Si^aling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8- Control of Apo2L signaling by death and decoy rec^tors. American Association 
for the Advancement of Science. Philladelphia, PA, February 1 998, 
-19. Apo2 ligand and it^eceptors. Anierican Society of Inununologists,-. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress, Cape Cod, MA, 
May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicme. LA, 
CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L; Endocrine Society Conference, Stevenson, WA, 
August 1998, 

24. Control of apoptosis by Apo2L. Intemational Cytokme Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death arid decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Franciscb, CA, May 1999; 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research ' 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombmant soluble Apo2L/TRAIL, Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/]rRAIL system: therapeutic potential; American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis and cancCT therapy. Stanford University 'School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philladelphia, PA, Apr 2000. 

33 : Apoptosis signaling by Apo2L/rRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2LnrRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Ap62L/TRAIL sj^tem: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apbptosis signaling b - 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti^cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/rRAIL. Kenote address, TNF family 
Minisymposium, NH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 200 1 . 

41 . Preclinical studies of Apo2I/rRAlL in cancer. Symposium on Targeted therapies 
in the treaitment of lung cancer. Aspen, CO, Jan 2001 . 
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42. . Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 

Israel, March 2001. 

43. Apo2L/rRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

. 45. Targeting death receptors in cancer with Apo21/rRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001 . 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. ' 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland^ OH, Oct 2001 . 

49. Apoptosis signaling by death receptoris. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signaling and apoptosis resistance mechanisms. Kimmel. Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAlL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/rRAIL. (Session co-chair) TNF international 
conference, ^an Diego, CA^ October 2002. ^ ^ s ^ . 

54. Apoptosis signaling by Ap62L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. Febraary 2003 . 

56. Apoptosis signalinjg by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003, 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 
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1. . Ashkenazi, A., Chamow, S. and Kogan, T. Caibohydrate-directedcrosslinking 

reagents; US patent 5,329,028 (Jul 12, 1994). 

2. • Ashkenazi, A., Chamow, S. and Kpgan, T. Carbohydraterdirect^ CTossliiiking 

reagents. US patent 5,605,791 (Feb 25, 1997). ' 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directbd crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

.4. Ashkenazi, A.. APO-2 Ligand. US patent 6i030,945 (Feb 29, 2000). 
5; Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogaii, T. Carbohydrate-directed crosslijjking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,3^9 (Jan 29, 2002). 

9. Ashkenazi, A. Fong, S., Goddard, A., Gumey, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A, AP0-2LI and APO-3 polypeptide antibodies' US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazii A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). ' 
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FROM. YOUR L A B . O R A T O . R Y S E R V I 0' E S P R O V I D E R 

HER-2/neu Breast Cancer Predictive Testing 

Julie SanfofdHannk^Php. and DQnMor^^ \ 



Each YEAR, OVER 182,000 women in die United Stait^ are 
dUgnosed with breast cancer, and approximately 45,000 die 
of the diseased Incidence appears to be increasing in the 
United Sftates at i rate of roughly 2% per year. The reasons 
forthe ittcbase amunclear,bmnon-g^^ appear 
to^play d^jarge.toleA- ^ ^ _ ~ ^ 

' Rve-^ar snrmal rates range'fr^ 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most iH:edic- 
tive for remrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized* Most noderpositiVe women are given adju-. 
vant therapy, which increases then- sundyai. However, 20%- 
•30%>of -patients without axillary- node involvement also 
develop recurrent disease^and Ae dijRiculty lies in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit from increased surveillance, eaily intervention, and 
treatment ■ . . ' 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tiunor size, histological grade, steroid 
hormone receptor status, D>]A ploidy, proliferative index, and 
cathepsin D status. Eiicpression of growth factor recq>tors and 
over-^pression of the H£R-2/iieu oncogene have also been 
identified as having value regarding treatment regimien and 
PTOgnesis^ . 

Hg|^2/iaf|u {^50 kiibwnris o-er^2) if an oncogene &at 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies.hiave indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% oif intraductal breast carcinbtna*^ 

There are two distinct FDA-approyed methods by. which 
. HER-2/neu status can be evaluated: imniunohistochemistiy 
OHC, HercepTest*^) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion^ Kit), Both methods can be performed on 
archived atid current specimens* the first mediod allows visual 
assessment of the amount of HER-2Aieu protem present cm 
the cell membrane, libe latter method, allows direct quantiK- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation bctweeh low- versus high-amplifica- 
tidh. At least one study has dempnstrated ft difference in 



recurrence risk m women younger than 40 yeare of age for 
low- versus high-amplified tumoris (54.5% coinpared to 
85.7%); this is compared to a recunrence mte of 1 6.7% for 
patients with no HER-2Aieu gene amplification*^ HB|l-2/iiea 
smtusniaybeparticuladyimportantloest^ . 
vjai^11(^lcm)tam6r8ize.4, . ^' 

Th€:tchotcc of medkKfology for detmnination oif HHl^Z/ 
neu status depoids faipart on thedinical settisig. FDA approval 
for the Vysis FISH test was granted based on clinical ttials 
nwoilvina 1549 node-posStiye patients. Patients received one 
of three different treatments consisting oif different doses of 
' cyclophosphamide, Adriamycui, and 5-nuorouracil (CAF); 
The study showed that patiepts with amplified HEiU2/Qeii 
benefited from treatment with higher doses of ^drlamycin* 
based therapy, whil^those vnth^mimal imR^2/^ 
not The study therefore identified a sub-set of women, who 
because they did not benefit firom more aggressive treatment, 
did not need to be exposed to the assodated side effects^ In 
addition, ofiier evidence hJtfcates that HER-2/neiii amplifica- 
tion in node-negath^e patients can be used as an independent 
prognostic indicator for eafly recurrence, recurrent diseftse at 
any time and disease-related death.^ Demonstration of HER^ 
2^eu gene, amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage*2 
breast canber patients. 
. Selectiotipfpatientsjf^H^rce^ 

clonal antibody 1liempy> bowevo; is based x^m. deiii^u^^ 
tion of HEIi*2/neu protdni oveiexfnressibn using HetcepTest™. 
Studies usmg Herceptin^ in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays haye not yet 
been approved for this purpose, and snidies looking' at response 
to Herceptin^ in patients with or without gene am|>UficaUon 
status determined by FISH are in pro^s. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordjahl results; 
i.e., protein overexpression without gene amplifjcatioh or lade 
of protein overexpression with gene amplification. The elini- 
cal significance of such resul ts is unclear. Based on the above 
considerations, HER-2/neu testing at SHMCVPAML will uti* 
lize immunohistochemistry (Hercq>7bstC) as a screen, fol* 
lowed by FISH in IHC-negative cases. Alternatively, cither 
method may be ordered individually depending on the dint* 
cal setting (H" clinician preference. 
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8S342 (including interpretive lepon) 



.l)EF-3/neD via FISH 3 

88271 x2 Molejcular cytDgenetlcfi, DNA probe, each 
S8274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells * 
. 88291. Cytogenetics and molecular cytogeneUcs, interpre*- 

tation 8n4 report ^ 

Procedural Informatidn 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody idt» HercqptestO. The DAKO kit contains 
• reagents required to complete a two-step immnnohistOK 
chemical staining proc^^ire forjoutinely processed, paraffin* 
cmbedijed sj^lmeds. F^Uowi^iati^atiiSi^^ ' 
nbbit antitei^ to bumra HB^^ 

a rea<fy-to-use dextran-based visualization reagent This re- 
agent consists of both sccondaiy goat anti-rabbit antibody 
nK>lecu]es with horseradish peroxidase molecules linked to a 
ccmoihcmdextranpolyiner backbone, thus eliminatmg theneed . 
. for sequential application of link, antibody and peroxidase 
conjugated antibody. £n2ymatic coiwersion of the subse- . 
quently added cbrOmogen results in formation of visible 
reaction product at the antigen site* The specimm is then coun- 
terstained; a pathologist using light-microscopy inteiprets . 
results. 

FISH analysis M SHMC/PAML is performed using the 
FDA-approved PathVysion™ HBR-2/neu DNA probe kit, pro- 
duced by Vysis, lnc» Fomialln fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to aDow hybridization of DNA probes to the 
nucld present In the tissue section, ThePatfivysion^ kit con- 
t&'ins two direct-^labeled DNA probes, one speciiic for the 
alpboid r^titive DNA (CEP 1 7, jSpectrum orange) ptresei^ . 

' ihe chit)nf6$pme4^icen^^ th^'^nd^ die HBR- 
2/neu oncogene located at 17ql 1^-12 (specbum g^). En^ 
meration of the probes allows a ratio of the immber of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this <;nables quantllication of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction Is viiether the g^e amplification is due 
to mcreaded gene copy number on the two chromosome 17 

. homolbgues normally present or an increase in the ntunber of 
chromosome 17s iii the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
resuh, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data wiil be 
performed And reported from the Vysis-certified Cytogenet- 
ics iaboratoiy at SHMC 
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P__AAZ65009 Membrane -bound protein PR01277 encoding cDNA. 773 bp, 

CDNA, PAT 05-APR-2000 
ACCESSION P_AAZ65009 

KEYWORDS GENESEQ; Membrane -bound polypeptide; PRO polypeptide; LDL recept' 
TIE ligand; pharmaceutical; receptor immunoadhesin; gene mapping; 
patent; patentdb (v200414, Ol-JUL-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 2773) 

AUTHORS Baker, K., Chen, J., Goddard,A., Gurney,A.L., Smith,V., 

Watanabe,C.K. Wood, W. I., Yuan, J. 
TITLE Membrane -bound proteins and related nucleotide sequences, 

JOURNAL Patent: WO9963088-A2 ; Filing Date: 02-JUN-1999; 99WO-US012252 ; 
Publication Date: 09-DEC-1999; Priority: 02-JUN-1998; 
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prostate; rectum; cervix; liver; genetic disorder; PGR primer; 

patent; patentdb (v200414, Ol-JUL-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 2773) 

AUTHORS Baker, K.P,, Chen, J., Desnoyers, L. , Goddard,A., Godowski , P . J . , 

Gurney,A.L. Pan, J., Smith, V., Watanabe, C . K. , Wood, W. I., Zhang, Z. 
TITLE Novel nucleic acids encoding PRO polypeptides, used to diagnose the 

presence of tumors, such as prostate and breast tumors, in mammals 

and to screen for modulators of the compounds . 
JOURNAL Patent: WO200168848-A2 ; Filing Date: 28-FEB-2001; 2001WO-US006520 ; 

Publication Date: 20-SEP-2001; Priority: Ol-MAR-2000; 
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2000WO-US034956; Assignee: (GETH ) GENENTECH INC; Cross Reference: 
WPI; 2001-602746/68. P-PSDB; AAU29098; Patent Format: Claim 2; Fig 
14 9; 774pp; English. 

COMMENT Sequences AAS45925-AAS46231 represent DNA molecules encoding and PCR 

primers for PRO polypeptides of the invention. The sequences of the 
invention can be used to detect the presence of a tumour in a mammal 
by comparing the level of expression of a PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal . Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but are 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
the proliferation or differentiation of chondrocyte cells. The PRO 
proteins can be used to determine the presence of tumours and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in 
mammalian subjects. The oligonucleotide probes specific for the PRO 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 

FEATURES Location/Qualifiers 

BASE COUNT 832 a 652 c 650 g 639 t 

ORIGIN 
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P_AAF44155 Human PR01277 (UNQ647) nucleotide sequence SEQ ID NO: 178 

CDNA, PAT 02-APR-2001 
ACCES S I ON P_AAF4 4155 

KEYWORDS GENESEQ; Human; secreted and transmembrane protein; 

cell death; cancer; chromosomal mapping; gene mapping 
typing; diagnostic assay; patent; patentdb (v200414, 
Homo sapiens. 
Homo sapiens. 



773 bp. 



PRO; cytostatic; 

tissue 
Ol-JUL-2004) . 



SOURCE 

ORGANISM 

REFERENCE 
. AUTHORS 



TITLE 



JOURNAL 



COMMENT 



1 (bases 1 to 2773) 

Ashkenazi,A. J. , Baker, K. P. , Botstein,D. , Desnoyers,L. , 
Eaton, D.L. Ferrara,N., Fong,S., Gerber,H., Gerritsen,M.E . , 
Goddard, A. , Godowski, P.J. Grimaldi , C . J , , Gurney, A.L. , 
Kl javin, I . J. , Napier, M. A., Pan, J., Paoni,N.F. Roy,M.A., 
Stewart, T. A. , Tumas,D., Watanabe, C.K. , Williams, P.M. , Wood, W.I. 
Zhang , Z . 

PRO polynucleotides used to produce polypeptides used to target 
bioactive molecules such as toxins, radiolabels or antibodies, to 
specific cells, to cause targeted cell death. 

Patent: WO200073454-A1 ; Filing Date: 30-MAR-2000; 2000WO-US008439 ; 
Publication Date: 07-DEC-2000; Priority: 02-JUN-1999; 

99US-0141037P. 07-JUL-1999; 



99WO-US012252 . 
99US-0143048P. 
99US-0145698P. 
99US-0149396P. 
99WO-US021547 . 
99WO-US028313 . 
99WO-US030095 . 
2000WO-US000219 
2000WO-US003565 
2000WO-US004414 
2000WO-US005004 



23-JUN-1999 
20-JUL-1999 
28-JUL-1999 
15-SEP-1999 
08-OCT-1999 
Ol-DEC-1999 
20-DEC-1999 
06-JAN-2000; 
18-FEB-2000; 
24-FEB-2000; 
02-MAR-2000; 
20-MAR-2000; 



99US-0144758P. 
99US-0146222P. 
99WO-US021090. 
99US~0158663P. 
99WO-US028301. 
99WO-US030911. 
2000WO-US000376 . 
2000WO-US004341. 
2000WO-US004914 , 
2000WO-US005841. 
2000WO-US007377; 



26-JUL-1999; 
17-AUG-1999; 

15- SEP-1999; 
30-NOV-1999; 

16- DEC-1999; 
05-J7^-2000; 

ll-FEB-2000; 
22-FEB-2000; 
24-FEB-2000; 
15-MAR-2000; 
Assignee: (GETH ) 



FEATURES 
BASE COUNT 
ORIGIN 



2000WO-US006884, 
GENENTECH INC; Cross Reference: WPI; 2001-032160/04. P-PSDB; 
AAB65197; Patent Format: Claim 2; Fig 112; 935pp; English. 

The present invention describes human secreted and transmembrane PRO 
proteins. The PRO proteins have cytostatic activity. The PRO 
proteins can be used for targeted delivery of bioactive molecules, 
such as toxins, radiolabels or antibodies, that cause cell death. 
PRO nucleotide sequences, and their fragments, can be used as 
hybridisation probes, in chromosomal and gene mapping, and in the 
generation of anti-sense RNA and DNA. They may also be used to 
produce'' transgenic animals which are used to develop and screen 
therapeutically useful reagents. The PRO nucleotide and protein 
sequence can be used for tissue typing and in treating cancer. 
Anti-PRO antibodies can be used in diagnostic assays. AAF44270 to 
AAF44470 represent PCR primers and hybridisation probes used in the 
isolation of human PRO sequences. AAF44087 to AAF44269 and AAB65154 
to AAB65300 represent human PRO polynucleotide and protein 
sequences given in the exemplification of the present invention 
Location/Qualifiers 
832 a 652 c 650 g 639 t 
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AX092302 Sequence 33 from Patent WO0116318. 2773 bp, 

DNA, linear, PAT 21-MAR-2001 
ACCESSION AX092302 
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VERSION AX092302.1 GI : 13444465 

KEYWORDS 

SOURCE Homo sapiens (human) 

ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 

AUTHORS Eaton, Filvarof f , E . , Gerritsen, M. E . , Goddard,A., 

Godowski, P. J. , Grimaldi,C. J. , Gurney,A.L., Watanabe , C . K . and 
Wood,W.I . 

TITLE Secreted and transmembrane polypeptides and nucleic acids encoding 

the same 

JOURNAL Patent: WO 0116318-A 33 08-MAR-2001; 
Genentech, Inc. (US) 
FEATURES Locat ion/Qual i f ier s 

source 1 . .2773 

/organism="Homo sapiens" 
/mol_type="unassigned DNA" 
/ db_xre f = " t axon : 9 6 0 6 " 

BASE COUNT 
ORIGIN 

2771 100 0.0 

P_AAF92074 Human PR01277 cDNA. 772 bp, cDNA, PAT 15-MAY-2001 
ACCESSION P_AAF92074 

KEYWORDS GENESEQ; Human; PRO protein; mapping; patent; patentdb (v200414, 

Ol-JUL-2004) . 
SOURCE Homo sapiens . 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 2772) 

AUTHORS Eaton, D.L., Filvarof f , E . , Gerritsen, M . E . , Goddard,A., 
Godowski, P. J. Grimaldi,C. J. , Gurney,A.L. , Watanabe, C . K. , 
Wood, W. I . 

TITLE Eighty four nucleic acids encoding PRO polypeptides, useful in 

molecular biology, including use as hybridization probes, and in 
chromosome and gene mapping . 

JOURNAL Patent: WO2001163 18-A2 ; Filing Date: 24-AUG-2000; 2000WO-US023328 ; 
Publication Date: 08-MAR-2001; Priority: Ol-SEP-1999; 
9 9WO-US020111 . 15 -SEP- 1999; 99WO-US02 1090 . 07 -DEC- 1999; 
99US-0169495P. 09-DEC-1999; 99US- 01702 62P . ll-JAN-2000; 
2000US-0175481P. 18 -FEB- 2000 ; 2 OOOWG-USO 04341 . 18-FEB-2000; 
2000WO-US004342 . 22-FEB-2000; 2000WO-US004414 . Ol-MAR-2000; 
2000WO-US005601. 03-MAR-2000; 2000US-0187202P . 21-MAR-2000; 
2000US-0191007P. 30-MAR-2000; 2000WO-US008439 . 25-APR-2000; 
2000US-0199397P. 22-MAY-2000; 2000WO-US014042 . 05-JUN-2000; 
2000US-0209832P; Assignee: (GETH ) GENENTECH INC; Cross Reference: 
WPI; 2001-183260/18. P-PSDB; AAB87542; Patent Format: Claim 2; Fig 
33; 278pp; English. 
COMMENT The present sequence is the coding sequence for a human PRO 

polypeptide (secreted and transmembrane) . The PRO protein, and PRO 
agonists, PRO antagonists or anti-PRO antibodies are useful for 
preparation of a medicament useful in the treatment of a condition 
which is responsive to the PRO protein, agonists, antagonists or 
anti-PRO antibodies. The PRO protein may also be employed as 
molecular weight markers for protein electrophoresis. The PRO 
coding sequence has applications in molecular biology, including 
use as hybridisation probes, and in chromosome and gene mapping 
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FEATURES Locat ion/Qual i f ier s 

BASE COUNT 831 a 652 c 650 g 639 t 

ORIGIN 
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Dayhoff Protein Database (Rel 78, Mar 2004) 
678 100 0.0 678 aa 

P_AAB65197 Human PR01277 (UNQ647) protein sequence SEQ ID NO: 179 - Homo 

sapiens . 
Accession: P_AAB65197; 
Species: Homo sapiens. 

Keywords: Human; secreted and transmembrane protein; PRO; cytostatic; cell 
death; cancer; chromosomal mapping; gene mapping; tissue typing; 
diagnostic assay; patent; GENESEQ patentdb. 

Patent number: WO200073454-A1 . 

Publication date: 07-DEC-2000. 

Filing date: 30-MAR-2000; 2000WO-US00843 9 . 

Priority: 02-JUN-1999; 99WO-US012252 . 23-JUN-1999; 99US-0141037P . 

07-JUL-1999; 99US-0143048P - 15-MAR-2000 ; 2000WO-US006884 . 

20-MAR-2000; 2000WO-US007377 . plus 21 more dates. 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Ashkenazi AJ, Baker KP, Botstein D, Desnoyers L, Eaton DL; 

Ferrara N, Fong S, Gerber H, Gerritsen ME, Goddard A, Godowski PJ; 
Grimaldi CJ, Gurney AL, Kljavin IJ, Napier MA, Pan J, Paoni NF; Roy 
MA, Stewart TA, Tumas D, Watanabe CK, Williams PM, Wood WI ; Zhang 
Z; 

Cross reference: WPI ; 2001-032160/04, N-PSDB; AAF44155. 

Title: PRO polynucleotides used to produce polypeptides used. to target 

bioactive molecules such as toxins, radiolabels or antibodies, to 

specific cells, to cause targeted cell death. 
Patent format: Claim 12; Fig 113; 935pp; English. 

Comment: The present invention describes human secreted and transmembrane 
PRO proteins. The PRO proteins have cytostatic activity. The PRO 
proteins can be used for targeted delivery of bioactive molecules, 
such as. toxins, radiolabels or antibodies, that cause cell death. 
PRO nucleotide sequences, and their fragments, can be used as 
hybridisation probes, in chromosomal and gene mapping, and in the 
generation of ant i- sense RNA and DNA. They may also be used to 
produce transgenic animals which are used to develop and screen 
therapeutically useful reagents. The PRO nucleotide and protein 
sequence can be used for tissue typing and in treating cancer. 
Anti-PRO antibodies can be used in diagnostic assays. AAF44270 to 
AAF44470 represent PGR primers and hybridisation probes used in the 
isolation of human PRO sequences. AAF44 087 to AAF44269 and AAB65154 
to AAB653 00 represent human PRO polynucleotide and protein 
sequences given in the exemplification of the present invention 

Database: GENESEQ patent database (v200415, 15-JUL-2004) . 

678 100 0.0 678 aa 

P_AAB87542 Human PR01277 - Homo sapiens. 
Accession: P_AAB87542 ; 
Species: Homo sapiens. 

Keywords: Human; PRO protein; mapping; patent; GENESEQ patentdb. 
Patent number: WO200116318-A2 . 
Publication date: 08-MAR-2001- 

Filing date: 24-AUG-2000; 2000WO-US023328 . 

Priority: Ol-SEP-1999; 99WO-US020111 . 15-SEP-1999; 99WO-US021090 . 
07-DEC-1999; 99US- 0169495P . 09-DEC-1999; 99US-0170262P . 
ll-JAN-2000; 2000US- 0175481P . 18-FEB-2000; 2000WO-US004341 . 
18-FEB-2000; 2000WO-US004342 . 22-FEB-2000; 2000WO-US004414 . 
Ol-MAR-2000; 2000WO-US005601 . 03-MAR-2000; 2000US- 0187202P . 
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21-MAR-2 000 ; 2 OOOUS- 0191 007P . 30 -MAR- 2 000; 2 000WO-US00843 9 . 
25-APR-2000; 2000US- 01993 97P . 22-MAY-2000; 2000WO-US014042 . 
05-JUN-2000; 2000US-0209832P . 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Eaton DL, Filvaroff E, Gerritsen ME, Goddard A, Godowski PJ; 

Grimaldi CJ, Gurney AL, Watanabe CK, Wood WI ; 
Cross reference: WPI; 2001-183260/18. N-PSDB; AAF92074. 
Title: Eighty four nucleic acids encoding PRO polypeptides, useful in 

molecular biology, including use as hybridization probes, and in 

chromosome and gene mapping. 
Patent format: Claim 12; Fig 34; 278pp; English. 

Comment: The present sequence is a human PRO polypeptide (secreted and 

transmembrane) , The PRO protein, and PRO agonists, PRO antagonists 
or ant i- PRO antibodies are useful for preparation of a medicament 
useful in the treatment of a condition which is responsive to the 
PRO protein, agonists, antagonists or anti-PRO antibodies. The PRO 
protein may also be employed as molecular weight markers for 
protein electrophoresis. The PRO coding sequence has applications 
in molecular biology, including use as hybridisation probes, and in 
chromosome and gene mapping 

Database: GENESEQ patent database (v200415, 15-JUL-2004) . 

678 100 0.0 678 aa 

P_AAU29098 Human PRO polypeptide sequence #75 - Homo sapiens. 
Accession: P_AAU2 9098; 
Species: Homo sapiens. 

Keywords: PRO polypeptide; mammal; tumour; cancer; human; cattle; horse; 

sheep; dog; cat; pig; goat; rabbit; tumour necrosis factor alpha; 

TNF-alpha; blood; chondrocyte cell; cell proliferation; cell 

differentiation; colon; adrenal; lung; breast; prostate; rectum; 

cervix; liver; genetic disorder; patent; GENESEQ patentdb. 
Patent number: WO2 00168 84 8-A2 . 
Publication date: 20-SEP-2001. 
Filing date: 28-FEB-2001; 2001WO-US006520 . 

Priority: Ol-MAR-2000; 2000WO-US005601 . 02-MAR-2000; 2000WO-US005841 . 

03 -MAR- 2000; 2000US-01872 02P . Ol-DEC-2 000 ; 2 000WO-US032678 . 

20-DEC-2000; 2000WO-US034956 . plus 36 more dates. 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Baker KP, Chen J, Desnoyers L, Goddard A, Godowski PJ, Gurney 

AL; Pan J, Smith V, Watanabe CK, Wood WI , Zhang Z; 
Cross reference: WPI; 2001-602746/68. N-PSDB; AAS45999. 

Title: Novel nucleic acids encoding PRO polypeptides, used to diagnose the 
presence of tumors, such as prostate and breast tumors, in mammals 
and to screen for modulators of the compounds. 

Patent format: Claim 11; Fig 150; 774pp; English. 

Comment: Sequences AAU29024-AAU29328 represent PRO polypeptides of the 

invention. The PRO polypeptides and their associated nucleic acids 
can be used to detect the presence of a tumour in a mammal by 
comparing the level of expression of a PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal. Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but are 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
the proliferation or differentiation of chondrocyte cells. The PRO 
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proteins can be used to determine the presence of tumours and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in 
mammalian subjects. The oligonucleotide probes specific for the PRO 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 
Database: GENESEQ patent database (v200415, 15-JUL-2004) . 

678 100 0.0 678 aa 

P_AAY66674 Membrane -bound protein PR01277 - Homo sapiens. 
Accession : P_7yVY66674 ; 
Species: Homo sapiens. 

Keywords:. Membrane -bound polypeptide; PRO polypeptide; LDL receptor; TIE 
ligand; pharmaceutical; receptor immunoadhesin; gene mapping; 
patent; GENESEQ patentdb. 

Patent number: WO9963088-A2 . 

Publication date: 09-DEC-1999. 

Filing date: 02-JUN-1999; 99WO-US012252 . 

Priority: 02-JUN-1998; 98US-0087607P . 02-JUN-1998; 98US- 0087609P . 

02-JUN-1998; 98US- 0087759P . 16 -SEP- 1998 ; 98US- 0100634P . 12-JAN-1999; 

99US~0115565P. plus 133 more dates. 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Baker K, Chen J, Goddard A, Gurney AL, Smith V, Watanabe CK; 

Wood WI, Yuan J; 
Cross reference: WPI ; 2000-072883/06. N-PSDB; AAZ65009. 
Title: Membrane -bound proteins and related nucleotide sequences. 
Patent format: Claim 12; Fig 113; 822pp; English. 

Comment: The invention provides membrane -bound PRO polypeptides and 

polynucleotides encoding them. The PRO sequences of the invention 
were identified based on extracellular domain homology screening. 
The PRO sequences have homology with proteins including LDL 
receptors, TIE ligands and various enzymes. The membrane -bound 
proteins and receptor molecules are useful as pharmaceutical and 
diagnostic agents. Receptor immunoadhesins, for instance, can be 
used as therapeutic agents to block receptor -ligand interactions. 
The membrane -bound proteins can also be employed for screening of 
potential peptide or small molecule inhibitors of the relevant 
receptor/ligand interaction. The PRO encoding sequences are useful 
as hybridization probes, in chromosome and gene mapping and in the 
generation of antisense RNA and DNA. PRO nucleic acid sequences 
will also be useful for the preparation of PRO polypeptides, 
especially by recombinant techniques 
Database: GENESEQ patent database (v200415, 15-JUL-2004) . 

678 100 0.0 678 aa 

AAF19243 similar to Coch-5B2 [Homo sapiens] /pid=AAF19243 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Waterston,R. , Submitted (21-DEC-1999) Department of Genetics, Washington 
University, 4444 Forest Park Avenue, St. Louis, Missouri 63108, USA 
Title: Direct Submission 

Gene: WUGSC:H_NH0294L11 . 1 

Locus: AC007363 

Accession: AC007363 

Cross-references: GI: 6624095; AAF19243.1; AC007363_1 
Database: REFSEQ 

678 98 0.0 693 aa 
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BAB71279 unnamed protein product /pid=BAB71279 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Isogai,T., Otsuki,T. and Sugiyama, T. , Submitted (24-OCT-2001) Takao Isogai, 
Helix Research Institute, Genomics Laboratory; 1532-3 Yana, 
Kisarazu, Chiba 292-0812, Japan (E-mail :genomics@hri .co.jp, 
Tel : 81-438-52-3975, Fax:81-438-52-3986) Title: Direct Submission 

Locus: AK056772 

Accession: AK056772 

Cross-references: GI : 16552271 ; BAB71279.1; AK056772_1 
Database: REFSEQ 



651 96 0.0 656 aa 

P_AAB08815 Amino acid sequence of a human vitrin polypeptide - Homo 

sapiens . 
Accession: P_AAB08815; 
Species : Homo sapiens . 

Keywords: Human; ocular vitreous protein; vitrin; connective tissue 

protein; von Willebrand A domain; collagen fibril; collagen tissue; 
hyaluronan; patent; GENESEQ patentdb. 

Patent number: CA2255477-A1 . 

Publication date : 11- JUN-2000 . 

Filing date: ll-DEC-1998; 98CA' 02255477 . 

Priority: ll-DEC-1998; 98CA- 02255477 . 

Assignee: (UABR-) UAB RES FOUND. 

Inventors: Liu J, Mayne R, Ren Z; 

Cross reference: WPI ; 2000-565743/53. N-PSDB; AAA74993. 

Title: Human vitreous protein containing at least one von Willebrand 

. sequence, useful in healing connective tissue matrices. 
Patent format: Disclosure; Fig 1; 24pp; English. 

Comment: The present sequence represents a human ocular vitreous protein, 
designated vitrin. Vitrin differs from many other connective tissue 
proteins in having two von Willebrand A domains. The domains may 
independently bind to collagen fibrils. Vitrin is released from the 
collagen fibrils at high salt concentrations. Vitrin polypeptides 
are used to stabilise and facilitate repair of collagen tissues. 
They are also used as additives to commercial preparations of 
hyaluronan, which are used for replacing the vitreous environment 
in patients during surgical procedures 

1-26/Peptide 

/label= Signal_peptide/ 

27-656/Protein 

/note= Mature human vitrin/ 

269-428/Domain 

/note= von Willebrand A domain/ 
4 6 9- 646 /Domain 

/note= von Willebrand A domain/ 

Database: GENESEQ patent database (v200415, 15-JUL-2004) . 
651 96 0.0 656 aa 

AAL18263 vitrin /pid=AAL18263 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Ren,Z.-X., Liu,J.G, and Mayne, R,, Submitted ( 05-MAY-1998) Cell Biology, 
University of Alabama at Birmingham, 1670 Univ. Blvd. VH 605, 
Birmingham, AL 352 94-0019, USA Title: Direct Submission 

Gene: VI T 

Locus: AF063833 

Accession: AF063833 
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Cross-references: GI:16416477; AAL18263.1; AF063833_1 
Database: REFSEQ 

651 96 0.0 693 aa 

NP_444506 vitrin /pid=NP_444506 . 2 - Homo sapiens 
Species: Homo sapiens (human) 

Mayne,R., Ren,Z.X., Liu, J., Cook,T., Carson, M. and Narayana,S., Biochem. 

Soc. Trans. 27 (6), 832-835 (1999) Title: VIT-1: the second member 
of a new branch of the von Willebrand factor A domain superfamily 

Gene: VIT 

Locus: NM_053276 

Accession: NM_053276 

Cross-references: LocusID: 5212 ; NP_444506.2; NM__053276_1 
Da t abase : REFSEQ 
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